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PREFACE 


To  be  an  intelligent  and  useful  citizen  in  our  modern  world,  a person  cannot  simply 
take  for  granted  such  natural  phenomena  as  electricity,  weather  changes,  the  varied 
formations  of  the  earth’s  surface,  or  the  movements  of  the  planets.  He  must  try 
to  understand  these  phenomena  in  order  to  appreciate  their  importance  and  influ- 
ence upon  our  civilization.  Nor  should  any  of  us  merely  accept  such  inventions  as 
the  automobile,  television,  the  jet  plane,  and  the  atomic  bomb  without  desiring 
some  knowledge  and  understanding  of  why  and  how  man  was  able  to  invent  such 
valuable  devices.  In  other  words,  everyone  should  know  something  about  the  basic 
principles  and  laws  of  physics,  chemistry,  geology,  meteorology,  and  astronomy— 
the  so-called  physical  sciences. 

In  developing  their  course  in  the  physical  sciences,  the  authors  have  selected 
Combustion  as  their  unifying  theme.  The  story  of  combustion  is,  in  large  measure, 
the  story  of  the  advancement  of  civilization.  Combustion  lends  itself  equally  well 
to  physics  and  chemistry,  and,  without  straining  the  theme,  to  geology,  astronomy, 
and  atomic  energy.  This  unifying  theme  correlates  the  various  branches  of  science 
and  permits  a reasonably  comprehensive  treatment  of  them. 

The  course  presented  in  this  text  has  been  developed  over  a period  of  eight  years, 
during  which  time  the  students  worked  with  mimeographed  copies  of  the  manu- 
script. It  has  been  revised  and  amended  each  year  in  the  light  of  classroom  experi- 
ence. This  text  represents  the  final  version  of  the  manuscript,  which  the  authors 
believe  is  an  interesting  and  teachable  approach  to  the  physical  sciences. 

The  authors  have  tried  to  tell  an  interesting  as  well  as  a true  story.  They  fre- 
quently use  the  historical  or  sociological  approach  and,  of  course,  make  constant 
reference  to  everyday  phenomena. 

The  text  is  organized  into  eleven  units,  which  are  subdivided  into  related  chap- 
ters. Though  all  units  are  essential  to  the  course,  the  same  amount  of  time  need 
not  be  spent  on  each.  At  the  end  of  each  chapter  is  found  a brief  summary  of 
“Things  to  Remember,”  followed  by  questions  to  test  the  student’s  knowledge.  A 
longer  list  of  Review  Questions  at  the  end  of  each  unit  serves  as  a test  on  the  con- 
tent of  the  unit  as  a whole.  All  the  questions  are  arranged  in  two  groups  under  the 
letters  A and  B,  those  under  B being  more  exacting  than  those  under  A. 

Throughout  the  text  there  are  directions  for  numerous  demonstrations.  These 
demonstrations  should  be  performed,  not  merely  discussed.  Students  like  to  see 
things  happen.  If  the  demonstrations  are  well  performed,  they  will  stimulate  the 
students  to  undertake  the  projects  found  at  the  end  of  most  of  the  chapters.  Some 
of  the  projects  can  be  attempted  by  the  class  as  a whole,  others  by  individual 
students  who  are  especially  interested  in  particular  subjects. 

Reading  lists  at  the  end  of  the  units  give  the  titles  of  publications  related  to  the 
unit  just  completed.  The  pamphlets  can  usually  be  obtained  free  from  the  com- 
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panics  that  publish  them.  Like  the  questions,  the  publications  are  arranged  in  two 
groups  under  the  letters  A and  B.  Those  under  A will  be  found  easier  to  read  than 
those  under  B. 

The  authors  gratefully  acknowledge  their  indebtedness  to  many  friends  who, 
through  correspondence  or  discussion,  have  made  suggestions  that  have  been  incor- 
porated in  the  text.  They  want  to  thank  Dr.  C.  T.  Lloyd,  Chairman  of  the  English 
Department  of  The  Phillips  Exeter  Academy,  for  his  meticulous  reading  and 
appraisal  of  the  whole  manuscript;  Professor  Alfred  S.  Romer  of  Harvard  University 
for  his  critical  reading  of  the  geology  unit;  Mr.  R.  F.  Brinckerhoff  of  The  Phillips 
Exeter  Academy  for  his  helpful  suggestions  in  the  preparation  of  the  astronomy 
unit;  and  Mr.  R.  L.  Dunnell  and  Mr.  R.  Mayo-Smith  of  The  Phillips  Exeter  Acad- 
emy for  their  helpful  comments  and  criticisms  while  using  the  mimeographed  form 
of  the  text  in  their  science  classes. 

J.  C.  H. 

J.  B.  C. 

E.  P.  L. 
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EARLY  PROGRESS 


Chapter 


In  the  Beginning.  Human  civilization  began 
almost  a million  years  ago,  but  its  early  devel- 
opment was  extremely  slow.  Aneient  man, 
like  the  animals,  was  struggling  for  existence. 
He  had  comparatively  high  intelligence  and 
great  strength.  He  learned  how  to  make  stone 
tools,  including  bludgeons,  axes,  and  knives; 
with  their  help,  he  protected  himself  against 
wild  animals,  and  even  killed  them  for  food. 
He  lived  a wandering  life,  staying  in  one  place 
only  as  long  as  the  hunting  and  fishing  were 
good. 

Man’s  principal  food  at  this  time  was  fresh 
meat.  To  get  food  he  hunted  animals,  and  he 
learned  their  habits  and  ways.  Occasionally  he 
captured  stray  animals;  slowly  he  learned  to 
domesticate  them.  This  was  particularly  true 
of  grass-eating  animals  such  as  sheep,  oxen, 
and  horses. 

The  domestication  of  animals  was  the-fir^t 
gre^  step  in  the  advance  of  civilization.  This 
probably  was  acc^plishecfabout  fifteen  thou- 
sand years  ago.  When  man  could  use  animals 
to  do  his  work,  he  slowly  changed  from  a no- 
madic hunter  to  a settled  farmer.  He  used 
oxen  to  till  the  soil  and  to  drag  sledges.  He 
trained  horses  to  carry  packs  on  their  backs. 
Later  he  learned  to  ride  them.  This  was  one 
of  the  first  means  of  transportation. 

Modern  transportation  probably  began 
about  3000  b.c.,  when  some  unknown  genius 
invented  the  wheel.  Then  someone  designed 
the  combination  of  wheel  and  axle  for  carrying 
heavier  loads.  This  unknown  inventor  served 


mankind  well,  for  even  today  the  wheel  and 
axle  plays  an  important  part  in  transportation. 

The  Conquest  of  Fire.  While  primitive  man 
was  learning  to  use  animal  power  instead  of 
his  own  power  he  was  also  wondering  how  to 
control  fire.  For  many  centuries  man  was 
afraid  of  fire  because  he  did  not  understand 
it.  His  first  knowledge  of  it  probably  came 
from  forest  fires  that  were  caused  by  lightning. 
He  believed  that  such  fires  were  started  by  an 
angry  fire  god,  and  it  is  not  surprising  that  the 
worship  of  fire  was  a common  practice  among 
primitive  tribes. 

But  man  is  intelligent.  Eventually  he  suc- 
ceeded in  making  fire  himself.  He  learned  two 
ways  to  start  a fire.  One  way  depended  on 
the  fact  that  when  certain  very  hard  rocks  are 
struck  against  each  other  sparks  are  produced. 
The  rocks  used  for  this  purpose  were  .pyrites 
and  flirit.  Pyrites  is  a mineral  that  contains 
irpn  but  looks  like  gold;  in  fact  it  is  sometimes 
called  “fool’s  gold.”  The  word  pyrites  is  de- 
rived from  a Greek  word  meaning  “fire.”  Flint 
usually  occurs  as  small  masses  in  chalk.  When 
flint  and  pyrites  are  struck  against  each  other 
a shower  of  sparks  is  formed.  If  thess  sparks 
fall  on  a heap  of  dry  grass  or  powdered  bark, 
they  may  start  a fire.  The  modern  cigarette 
lighter  is  an  adaptation  of  this  ancient  device. 
In  the  lighter,  however,  sparks  are  usually 
caused  by  steel  striking  against  a hard  sub- 
stance called  an  abrasive. 

Another  way  of  making  fire  is  shown  in  Fig. 
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1-1.  It  depends  on  the  heat  produced  by  fric- 
tion between  two  pieces  of  wood.  A straight 
stick,  called  a drill,  is  held  between  the  hands 
so  that  its  rounded  end  rests  on  a flat  board. 
When  the  drill  is  rotated  rapidly,  hot  wood 
dust  collects  in  a groove  in  the  board.  The 
dust  smolders.  Air  blown  on  these  dust  parti- 
cles produces  glowing  embers.  If  these  embers 


Ewing  Galloway 

Fig.  1-1,  A native  African  woman  making  fire  by 
friction. 

are  then  transferred  to  a tinder  of  dry  grass 
or  powdered  bark,  a fire  may  be  started. 

It  is  clear  that,  for  the  ancients,  fire  making 
was  a long,  slow  process.  Therefore,  once  a 
fire  was  started  it  was  kept  burning  continually 
because  it  was  needed  not  only  for  warmth 
and  for  cooking  food  but  also  for  keeping 
away  wild  animals,  which  feared  it. 

The  friction  method  of  starting  a fire  is  still 
used  by  tribes  in  the  interior  of  Africa  and 
South  America,  and  also  in  some  of  the  Pacific 
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islands.  In  our  country  even  today  the  hunter 
and  the  woodsman  sometimes  use  this  method 
of  starting  a fire.  Can  you  or  one  of  your 
friends  demonstrate  this  method? 

Sources  of  Power.  When  early  man  learned 
to  make  fire  either  by  striking  two  stones  to- 
gether or  by  rubbing  one  stick  against  another, 
he  made  one  of  his  greatest  discoveries.  This 
discovery  was  a turning  point  in  human  his- 
tory, for  the  ability  to  use  fire  has  made  civili- 
zation possible.  The  locomotive,  the  steam- 
ship, the  automobile,  the  airplane,  and  most 
industrial  processes,  such  as  the  manufacture 
of  steel  and  cement,  would  not  have  been  pos- 
sible if  man  had  not  learned  to  make  fire.  Try 
to  imagine  life  before  the  days  of  the  steam 
locomotive  and  the  steamship,  that  is,  before 
the  year  1800.  There  were  few  facilities  for 
travel,  and  there  was  little  machinery  to  aid 
man  in  his  daily  tasks.  He  traveled  on  horse- 
back or  by  stagecoach,  he  used  horses  or  oxen 
to  plow  his  fields,  and  he  crossed  the  ocean 
in  sailing  ships.  He  therefore  knew  little  of 
the  world  outside  his  immediate  neighbor- 
hood. Industry  was  on  a small  scale,  because 
the  means  of  manufacture  and  transportation 
were  primitive 

Water  power  and  wind  power  were  avail- 
able, however,  since  water  and  wind  are  pres- 
ent in  nature;  they  are  not  dependent  on  fire. 
The  running  water  in  a stream  was  used  to 
rotate  a wheel,  which,  in  turn,  was  used  to 
grind  corn  or  to  drive  a machine.  A windmill 
was  less  satisfactory  as  a source  of  power  be- 
cause it  could  operate  only  when  the  wind  was 
blowing. 

The  American  Pioneer.  The  early  American 
colonists  lived  under  comparatively  primitive 
conditions.  Little  more  than  a century  ago, 
the  pioneer  fought  both  nature  and  Indians 
in  a grim  struggle  for  existence.  This  rugged 
individual  literally  lived  off  the  soil.  First  he 
felled  trees  and  cleared  his  land  of  under- 
growth and  rocks.  Then  he  tilled  the  earth, 
grew  crops,  and  raised  cattle  and  sheep.  From 
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the  timber  on  his  land  he  built  a house  and 
obtained  fuel  for  heating  and  cooking;  from 
his  crops  he  provided  food.  He  obtained 
wool  from  sheep,  wove  the  wool  into  cloth, 
and  in  this  way  provided  himself  with  cloth- 
ing. He  colored  his  cloth  with  dyes  that  he 
extracted  from  berries  and  roots  growing  on 
his  land. 

The  pioneer  needed  little  or  no  money  to 


Courtesy  Netherlands  National  Tourist  Office 


Fig.  1—2.  Windmills  are  widely  used  in  Europe  today 
for  pumping  water  and  grinding  grain.  A modified 
form  of  this  windmill  may  be  seen  on  a number  of 
farms  in  America. 


buy  things;  in  a sense,  he  was  independent  of 
the  outside  world.  But  he  paid  a high  price! 
for  his  independence.  He  toiled  from  morn-/ 
ing  till  night;  he  used  all  his  time  to  provide  L 
the  bare  neeessities  of  life.  He  was  almost  | 
completely  isolated  from  his  fellow  men.  He 
had  little  leisure  and  little  education;  his  life! 
was  one  of  little  change  or  progress.  / 


The  Industrial  Revolution.  Then  came  the 
Industrial  Revolution,  with  all  the  fundamen- 
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tal  changes  that  took  place  in  the  ways  of  liv- 
ing in  the  18th  and  19th  centuries.  Before  the 
Industrial  Revolution,  goods  were  produeed 
by  human  hands  and  transported  by  animals, 
helped  only  by  the  power  of  wind  and  water. 
During  the  Industrial  Revolution 
power  replaced  human^^powerrThe  introduc- 
ti^  oF mechamcaP^wer  was  made  possible 
by  the  use  of  coal  and  by  hundreds  of  inven- 
tions that  completely  altered  the  methods  of 
manufacturing,  mining,  agriculture,  and  trans- 
portation. 

The  Industrial  Revolution  started  in  Eng- 
land, where  there  was  an  abundance  of  coal. 
Coal  was  used  first  only  to  heat  houses;  later 
it  was  used  in  the  iron  blast  furnaces.  Then, 
in  1769,  came  WatLs  steam  engine,  which 
made  it  possible  to  get'power  troi^oal.  Coal 
was  used  to  boil  water,  and  the  resulting  steam 
moved  a piston  up  and  down  in  a cylinder. 
But  the  really  important  thing  about  Watt’s 
invention  was  that  the  moving  piston  was 
made  to  turn  a wheel.  The  rotating  wheel 
was  then  connected  to  machinery  by  means 
of  belts,  and  the  machines  did  the  work.  The 
steam  engine  was  a great  boon  to  industry. 
For  example,  in  the  textile  industry  the  new 
steam  power  was  applied  to  spinning  and 
weaving.  As  a result,  manufacturing  was 
speeded  up.  Before  the  Industrial  Revolution, 
textiles  were  so  scarce  and  expensive  that  few 
workers  could  afford  to  buy  the  products  they 
made.  Now  goods  became  so  plentiful  and 
inexpensive  that  many  people  could  buy 
them. 

The  Ind  ustrial  RevoSutiore  in  North 

America.  When  the  first  census  was  taken 
in  1790,  the  population  of  the  United  States 
was  about  four  million.  Only  a few  towns  had 
a population  of  more  than  eight  thousand. 
They  included  New  York,  Boston,  Baltimore, 
Philadelphia,  and  Charleston— all  situated  on 
the~eail  coast. 

The  mechanical  inventions  of  the  Indus- 
trial Revolution  reduced  hard  manual  labor 
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Courtesy  Alberta  Government 

Fig.  1-3A.  Edmonton,  in  1890,  was  only  a small  village  in  the  Northwest  Territories.  This  is 

Jasper  Avenue. 


Courtesy  Department  of  National  Defense 

Fig.  1-3B.  Edmonton  today.  The  wide  street  in  the  center  of  the  photograph  is  Jasper  Avenue. 
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and  made  industrial  occupations  more  attrac- 
tive; young  people  left  the  farms  and  small 
towns  and  flocked  to  the  factories  and  shops 
in  the  cities.  Immigrants  from  the  Old  World 
were  also  encouraged  to  settle  in  the  new  man- 
ufacturing centers,  where  they  were  easily  ab- 
sorbed by  the  rapidly  expanding  industries. 

When  Watt’s  steam  engine,  which  was  first 
used  only  with  stationary  machinery,  was 
adapted  to  locomotives  and  ships,  transporta- 
tion on  land  and  sea  became  more  efficient. 
Coal  supplied  the  power  to  transport  the  man- 
ufactured goods  to  all  parts  of  the  country. 
The  expanding  railway  system  between  the  in- 
dustrial East  and  the  farming  regions  of  the 
West  enabled  the  western  cities  to  develop 
their  own  industries.  Winnipeg  became  the 
funnel  for  this  exchange  of  goods,  built  the 
world’s  largest  rail  yards  and  saw  industry  move 
west  to  take  advantage  of  her  location. 

In  1890  Edmonton  was  a small  village  but 


THINGS  TO 

Early  man  produced  fire  either  by  striking 
two  stones  together  or  by  rubbing  together  two 
pieces  of  wood. 

Water  power  and  wind  power  were  used  be- 
fore coal. 

The  American  pioneer  was  economically  inde- 
pendent, but  he  lacked  the  comforts  and  advan- 
tages of  modern  life. 


1 . Name  two  early  natural  sources  of  power. 

2.  What  is  meant  by  the  term  Industrial  Revo- 
lution? 

3.  Select  an  appropriate  area  in  your  locality. 
Note  its  essential  location,  resources  and 
trace  its  industrial  development. 


when  the  railway  came  it  could  ship  its  coal 
throughout  the  West  and  soon  grew  in  size  as 
a distribution  eenter.  Now  Edmonton  has  be- 
eome  the  “Oil  Capital”  of  Canada  and  the  dis- 
tribution point  for  this  important  fuel.  Coal, 
oil,  and  natural  gas  are  the  raw  materials  of 
modern  industry,  and  they  will  attract  more 
plants  and  population.  Edmonton  is  truly  a 
“ehild”  of  the  Industrial  Revolution. 

With  hundreds  of  thousands  of  people  con- 
eentrated  in  the  cities,  new  ways  of  living  re- 
sulted, and  many  social  adjustments  had  to 
be  made.  A breakdown  in  industry  was  a seri- 
ous thing  for  the  workers;  it  resulted  in  unem- 
ployment and  a shortage  of  such  necessities  as 
food,  clothing,  and  shelter.  To  protect  the 
workers  against  calamities  of  this  sort,  many 
laws  were  passed  and  many  reforms  were  made 
to  improve  working  and  living  conditions.  Do 
you  now  understand  why  this  period  of  sweep- 
ing changes  is  referred  to  as  a “revolution”? 

REMEMBER  

The  Industrial  Revolution,  in  the  18th  and 
19th  centuries,  was  brought  about  by  the  use 
of  coal  and  machines.  Industries  expanded  rap- 
idly and  cities  grew  around  the  industries. 

James  Watt,  a Scot,  invented  the  modern 
steam  engine  in  1769. 


4.  Explain  how  primitive  man  started  a fire  by 
friction. 

5.  Explain  why  the  domestication  of  animals 
was  an  important  event  in  history. 


PROJECT 

To  Start  a Fire  by  Friction.  Construct  some  ap-  with  suitable  tinder  to  start  a small  fire.  Also 

paratus  for  starting  a fire  by  the  friction  between  use  steel  and  flint  with  suitable  tinder  to  start 

two  pieces  of  wood.  Directions  can  be  found  in  a fire  by  friction, 
the  Boy  Scout  Handbook,  Use  this  apparatus 


chapter 
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The  scope  of  the  Industrial  Revolution 
would  have  been  greatly  limited  without  rail- 
ways. Before  locomotives  were  invented,  the 
transport  of  manufactured  goods  was  restricted 
to  poor  roads  and  a few  waterways.  Rapid 
transportation  of  goods  is  as  essential  to  in- 
dustry as  cheap  manufacture. 

Roads.  For  many  centuries,  inland  transpor- 
tation of  goods  was  limited  to  rivers  and  roads. 
The  greatest  road  builders  in  early  history 
were  the  Romans.  The  most  famous  road  in 
their  great  empire  was  the~^ppian  Way,  be- 
gun about  3,00  B,c.  The  Appian  Way  extends 
from  Rome  to  the  Adriatic  Sga.  It  is  over  400 
miles  long.  The  construction  of  this  paved 
highway  was  a gigantic  enterprise.  It  took 
years  to  complete  and  required  the  labor  of 
thousands  of  slaves.  This  road  was  of  great 
strategic  importance,  for  it  gave  Rome  direct 
communication  with  southern  Italy,  Sicily, 
Africa,  and  Asia.  It  made  possible  the  rapid 
transportation  of  reinforcements  and  supplies, 
and  also  the  rapid  transmission  of  news  and 
messages.  It  provided  a path  for  commerce 
which  aided  the  peaceful  development  of  the 
provinces.  Over  this  most  famous  of  all  his- 
torical highways  Julius  Caesar,  in  pomp  and 
splendor,  rode  in  his  chariot;  St.  Paul  wearily 
trod  its  paved  surface  on  his  way  to  Rome  to 
proclaim  his  Christian  message. 

After  the  construction  of  the  Appian  Way 
many  other  great  roads  were  built,  all  radiat- 
ing from  Rome  and  extending  to  all  parts  of 


her  empire.  These  roads  were  built  straight 
across  marshes,  lakes,  rivers,  and  mountains. 
Even  judged  by  modern  standards,  they  were 
great  engineering  feats.  During  the  Middle 
Ages,  the  Roman  roads  were  allowed  to  deteri- 
orate. It  was  not  until  the' early  part  of  the 
19th  century  that  road  building  in  Europe  was 
resumed. 

In  the  20th  century,  the  automobile  raised 
new  problems  in  road  construction.  Today 
our  modern  roads  far  surpass  those  of  two 
thousand  years  ago.  The  concrete  highways  in 
the  United  States  must  bear  the  heavy  burden 
of  modern  traffic  and  do  this  with  a road  sur- 
face only  one-sixth  as  thiek  as  that  of  the 
Roman  roads. 

Inland  Waterways.  In  the  17th  and  18th 
centuries,  a system  of  canals  was  developed, 
particularly  in  Europe,  to  facilitate  the  trans- 
fer of  goods.  Coods  were  usually  carried  on 
barges  towed  by  horses  that  walked  along  the 
side  of  the  canal.  Although  transportation  was 
slow,  enormous  loads  of  coal  were  earried  from 
mine  to  factory  at  low  cost. 

In  this  country,  great  impetus  was  given  to 
the  development  of  inland  waterways  by  Rob- 
ert Fulton's  invention  in  LSQ7  of  the  first  prac- 
tical steamboat,  the  Clermont  which  traveled 
the  Hudson  River  between  New  York  and 
Albany.  The  Erie  Canal,  which  made  a water 
connection  betweeen  New  York  City  and  the 
Great  Lakes,  was  completed  in  1825.  The 
canal  is  almost  350  miles  long;  it  connects 


Abrams  Aerial  Survey  Corp. 

Fig.  2—1  B.  A modern  four-lane  concrete  highway  that  bears  the  burden  of  heavy  present-day 
traffic.  Its  surface  is  only  one-sixth  as  thick  as  that  of  the  Appian  Way. 
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Albany  on  the  Hudson  River  with  Buffalo  on 
Lake  Erie.  The  canal  became  a main  route  for 
transporting  grain  and  cattle  from  the  Mid- 
west to  the  East.  It  also  opened  up  the 
sparsely  populated  inland  regions.  Within  the 
next  decade,  the  populations  of  Rochester, 
Buffalo,  Syracuse,  and  Utica  were  almost  tri- 
pled. As  trade  increased  and  passenger  facil- 
ities were  improved,  traffic  on  this  and  other 
inland  waterways  grew  in  importance.  In 
1918,  the  Erie  Canal  was  deepened  and  wid- 
ened. Horse-drawn  barges  are  now  replaced 
by  powerful  Diesels  that  propel  ocean-going 
craft.  Lake  Erie,  the  western  terminus  of  the 
canal,  has  become  one  of  the  greatest  indus- 
trial waterways  in  the  world. 

Another  important  canal  connects  Houston. 
Texas,  with  the  Gulf  of  Mexico.  Houston  was 
once  a landlocked  city  fifty  miles  from  the  sea. 
Now  it  is  a busy  ocean  port;  indeed,  it  is  the 
fourth  largest  in  the  United  States  (surpassed 
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Courtesy  Italian  National  Tourist  Office 

Fig.  2—1  A.  The  Appian  Way,  as  it  looks  today, 
typifies  the  skill  of  the  ancient  road  builders. 
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only  by  New  York,  Philadelphia,  and  Balti- 
more). Nine  oil  refineries,  the  world’s  largest 
tin  smelter,  and  many  factories  that  manufac- 
ture heavy  chemicals  and  plastics  have  been 
constructed  near  the  canal. 

Rivers  are  natural  inland  waterways.  The 
Mississippi  River  is  probably  the  most  impor- 
tant one.  It  serves  cities  as  far  apart  as 
Minneapolis,  St.  Louis,  Memphis,  and  New 
Orleans.  By  the  Ohio,  Missouri,  and  other 
branches  of  the  Mississippi  River  system, 


INTRODUCTION 

weeks  to  days,  and  the  cost  of  carrying  freight 
from  dollars  to  cents.  Freight  consisted  not 
only  of  manufactured  goods  but  also  of  fresh 
fruits  and  vegetables,  which  now  could  be  sold 
hundreds  of  miles  from  the  orchards  and 
farms  where  they  were  grown. 

Steamships.  The  success  of  Fulton’s  river 
boat  stimulated  the  construction  of  ocean- 
going steamships.  The  first  steamship  crossed 
the  Atlantic  in  1819.  Actually  it  was  a com- 


Courtesy  Standard  Oil  Co.  (New  Jersey) 

Fig.  2—2.  The  Erie  Canal,  opened  in  1 825,  now  accounts  for  over  1 6,000,000  tons  of  shipping 

a year. 


Pittsburgh,  Cincinnati,  Omaha,  Kansas  City, 
and  other  cities  have  access  to  the  sea.  Can 
you  name  other  rivers  used  as  water  highways? 

Railways.  The  canal  systems  greatly  im- 
proved the  speed  and  reduced  the  cost  of  long- 
distance transportation.  But  canal  transporta- 
tion was  soon  faced  with  the  competition  of 
railways.  By  1860,  trains  were  running  regu- 
larly between  Boston,  New  York,  Philadelphia, 
and  Baltimore.  The  railways  were  also  rolling 
as  far  west  as  Cleveland,  Chicago,  Cincinnati, 
and  St.  Louis.  Travel  time  was  reduced  from 


bination  of  steam  and  sailing  ship.  The  two 
pictures  on  page  12  show  the  great  progress 
made  in  marine  engineering  within  a century. 

Automobiles  and  Airplanes.  Since  1900 
transportation  has  been  revolutionized  by  the 
automobile  and  the  airplane.  The  first  Ameri- 
can-made automobile  was  built  in  1893,  but 
because  of  its  mechanical  imperfections  and 
the  lack  of  good  roads,  the  importance  of  this 
“horseless  carriage”  was  not  at  once  recognized. 
Indeed,  the  insignificant  role  played  by  auto- 
mobiles at  the  turn  of  the  century  is  reflected 
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Courtesy  New  York  Central  System 


Fig.  2— 3A.  The  DeWitt  Clinton  was  the  first  locomotive  to  run  in  New  York  State.  It  carried 
passengers  between  Albany  and  Schenectady  in  1S31.  Because  of  its  crude  construction,  flying 
embers  from  the  engine  frequently  ignited  the  passengers'  clothing. 


in  the  following  amusing  press  release  issued 
in  1899:  “Three  automobiles  have  been  pur- 
chased by  the  War  Department  for  the  use  of 
officers.  Each  is  equipped  so  that  a mule  may 
be  hitched  to  it  should  it  refuse  to  run.”  It 
was  not  until  1908  that  the  automobile  indus- 
try got  under  way  and  large-scale  production 


began.  In  the  relatively  few  years  sinee  that 
time  the  automobile  has  ceased  to  be  regarded 
as  an  untrustworthy  and  dangerous  euriosity 
and  in  this  country  is  considered  a necessity 
by  millions  of  American  families.  Aeeording 
to  the  most  recent  available  figures  there  are 
now  registered  in  the  United  States  more  than 


Courtesy  Chicago,  Rock  Island  and  Pacific  Railway 

Fig.  2— 3B.  The  Rock  Island's  Rocket,  a modern  streamlined  passenger  train,  noted  for  its 

speed  and  comfort. 
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Courtesy  Cunard  White  Star,  Ltd, 


Fig.  2— 4A.  The  transatlantic  ship  Britannia,  built  in  1 840,  had  paddle  wheels  and  auxiliary 
sails.  Its  speed  was  rated  at  9 knots;  its  gross  tonnage  at  1,139.  It  had  accommodations 

for  115  passengers. 


40,000,000  motor  vehicles  of  all  types,  of 
which  over  35,000,000  are  passenger  cars. 

The  rapid  development  of  the  airplane  con- 
stitutes an  equally  amazing  chapter  in  the 
story  of  transportation.  About  fifty  years  ago 
(in  1903,  to  be  exact)  the  first  airplane  to 
carry  a man  aloft  rose  at  Kitty  Hawk,  North 


Carolina.  Orville  Wright,  lying  flat  on  one 
of  the  airplane's  wings  while  his  brother  Wil- 
bur ran  alongside  to  steady  the  plane,  was 
the  first  man  to  fly  a heavier-than-air  plane. 
On  its  first  flight  the  plane  reached  an  altitude 
of  only  10  feet  and  covered  a distance  of  120 
feet  in  12  seconds — an  average  speed  of  nearly 


Courteay  Cunard  White  Star,  Ltd. 

Fig.  2-4B.  The  Queen  Elizabeth,  world's  largest  liner,  and  the  Queen  Mary,  world's  fastest 

liner,  in  dock  at  New  York. 
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7 miles  an  hour!  Nevertheless,  the  Wright 
brothers  had  discovered  the  secret  of  making 
a heavier-than-air  machine  travel  through 
space.  From  this  modest  beginning,  aviators 
have  learned  to  take  their  machines  more 
than  40,000  feet  above  the  earth’s  surface  and 


Courtesy  Ford  Motor  Co. 


Fig.  2— 5A.  This  1 908  model-T  was  considered  a 
rare  luxury  in  the  early  1 900's. 

to  propel  them  at  speeds  close  to  1,000  miles 
an  hour. 

Oil  and  Elecf-ricity.  When  we  think  of 

planes  we  are  reminded  that  coal  is  no  longer 
the  main  source  of  power  in  transportation. 
The  19th  century  was  the  age  of  coal;  the 


Courtesy  General  Motors  Corp. 


Fig.  2— 5B.  A late  model  Buick  which  illustrates  the 
great  advances  made  in  automotive  design  and  engi- 
neering in  a period  of  less  than  fifty  years. 

20th  century  thus  far  has  been  the  age  of  oil 
and  electricity.  Oil  and  electricity  came  into 
use  at  the  end  of  the  19th  century,  and  both 
are  indispensable  in  our  present-day  civiliza- 
tion. 

With  electricity  the  problem  of  transporta- 
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tion  is  simplified.  Electric  locomotives  do  not 
have  to  carry  their  own  fuel.  The  source  of 
power,  the  electric  current,  is  carried  on  a 
transmission  line.  But  the  chief  advantage 
of  electricity  is  that  it  can  be  carried  by  over- 
head wires  to  country  districts  and  to  distant 
places,  where  it  can  be  used  for  light,  for 
heat,  and  for  power  in  factories.  It  is  no 
longer  necessary  to  haul  bulky  fuels  long 
distances. 

Oil  power  is  in  evidence  all  about  us.  Most 
ships  have  long  since  ceased  to  use  coal  be- 
cause oil  is  a cleaner  and  far  more  convenient 
fuel.  Neither  the  automobile  nor  the  airplane 
could  have  been  developed  without  ample 
supplies  of  fuel  oil  (which  includes  gasoline, 
as  you  will  learn  later).  You  may  wonder 
whether  the  airplane  and  the  automobile 
will  cease  to  operate  when  the  world’s  limited 
oil  supply  is  exhausted.  Fortunately,  chem- 
ists have  learned  to  make  substitutes,  so  that 
we  are  no  longer  completely  dependent  on  the 
natural  supplies  of  oil. 

The  Effect  of  Fuels  and  Machines  on  Our 
Own  Civilization.  When  we  compare  our 
way  of  life  with  that  of  the  American  pio- 
neer, we  realize  that  startling  changes  have 
occurred  within  the  past  two  centuries.  Yet 
our  basic  needs  are  exactly  the  same  as  the 
pioneer’s:  food,  clothing,  and  shelter.  The 
activities  of  the  pioneer  were  so  varied  that 
he  did  few  of  them  well;  ours  are  so  concen- 
trated that  we  become  fairly  expert  in  a single 
type  of  work.  He  was  self-sufficient  and  de- 
pended on  no  one;  we  are  dependent  on  our 
fellow  men  for  the  many  activities  in  which 
we  have  no  skill.  He  was  cornpletdyjQCCupied 
in  making  a living;  we  have  time  for  educalion 
and  recreation^ 

Modern  civilization  depends  on  transporta- 
tion which  enables  the  easy  exchange  of  raw 
materials  among  nations.  Consider,  for  exam- 
ple, the  origin  of  a few  common  articles  in 
the  home.  Meat  and  cereals  probably  come 
from  the  Midwest,  timber  may  come  from 
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Fig.  2-6B.  From  its  humble  beginning  with  the  Kitty  Hawk  air  travel  has  progressed  to 
luxurious  planes  similar  to  this  forty  passenger  North  Star,  which  cruises  at  250  miles  per 
hour  and  flies  at  altitudes  of  17,000  to  22,000  ft. 


INTRODUCTION 

Atomic  Energy.  The  first  half  of  the  20th 
century  is  known  as  the  age  of  oil  and  electric- 
ity; the  second  half  may  be  known  as  the 
age  of  atomic  energy.  The  end  of  World 
War  II  was  hastened  by  the  use  of  atomic 
bombs.  The  first  atomic  bomb  was  exploded 
in  New  Mexico  as  an  experiment.  The  sec- 
ond and  third  bombs  were  exploded  over 
Japanese  cities;  they  caused  such  destruction 
that  the  whole  world  stood  aghast  at  the 
power  of  this  new  type  of  explosive. 

These  explosions  were  important,  not  be- 
cause Japanese  cities  were  destroyed,  but 
because  for  the  first  time  man  was  able  to 
release  energy  from  matter.  Scientists  had 
known  for  many  years  that  some  of  the  mat- 
ter that  makes  up  atoms  could  probably  be 
changed  into  energy.  They  succeeded  in  re- 
leasing energy  from  matter  when  the  atomic 
bombs  exploded.  In  other  words,  energy  was 
generated  without  the  use  of  common  fuels 
or  chemical  explosives. 


Courtesy  United  Air  Lines 


Fig.  2— 6A.  The  Kitty  Hawk  with  Orville  Wright  at 
the  controls.  First  flown  in  1903,  this  plane  was 
barely  able  to  leave  the  ground  and  stayed  aloft  for 
only  a few  seconds. 


Canada,  steel  from  Pittsburgh,  rubber  from 
Malaya,  silver  from  Mexico,  wool  from  Aus- 
tralia, linen  from  Ireland,  tea  from  Ceylon, 
coffee  from  Brazil,  oranges  from  California 
or  Florida,  fuel  oil  from  Texas,  and  coal  from 
Pennsylvania.  This  complex  system  would  be 
impossible  without  fuels,  which  are  the  basis 
of  power  machinery  and  transportation. 
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It  is  natural  that  we  look  on  this  new  source 
of  power  with  some  apprehension.  Will 
atomic  energ)^  be  used  for  destructive  or  con- 
structive purposes?  Will  it  become  a master 
or  a servant?  Are  we  approaching  another 
industrial  revolution?  Will  atomic  energy  re- 
place oil  and  coal?  Will  it  be  possible  to 
use  the  energy'  in  a small  piece  of  matter  to 
drive  large  liners  across  the  Atlantic?  Can 
atomic  energy  be  used  to  drive  the  machinery 
of  factories?  Will  mining  for  coal  and  drill- 
ing for  oil  be  unnecessary  in  the  near  future? 
Will  atomic  energy  be  available  for  all  men 
in  all  nations?  Will  it  raise  standards  of  liv- 
ing throughout  the  world? 

Scientific  advances  often  initiate  social 
changes.  The  changes  that  made  the  greatest 

— THINGS  TO 

The  Romans  were  the  greatest  road  builders 
in  early  history.  Many  roads  radiated  from  Rome, 
the  most  famous  of  whieh  was  the  Appian  Way. 

Inland  waterways  were  developed  in  Europe  in 
the  17th  and  18th  eenturies. 

The  Erie  Canal,  completed  in  1825,  helped 
to  open  up  the  Midwest. 

The  development  of  railways  made  the  canals 
less  important. 

Robert  Fulton  built  the  first  successful  steam- 
boat in  1807. 
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impression  on  the  writers  of  the  19th  century 
were  the  increased  production  and  lowered 
cost  of  manufactured  goods  and,  above  all, 
the  opportunities  for  the  advancement  of  the 
common  man.  One  man,  writing  of  England 
in  the  19th  century,  in  a booklet  called  The 
Results  of  Machinery,  expressed  it  this  way: 
"Two  centuries  ago,  not  one  person  in  a thou- 
sand wore  stockings;  one  century  ago,  not  one 
in  five  hundred  wore  them;  now,  not  one 
person  in  a thousand  is  without  them.” 

When  we  look  ahead  to  the  year  2000,  we 
may  feel  fairly  certain  that  further  great 
changes  will  have  taken  place  in  our  social 
structure  and  will  have  outmoded  many  as- 
pects of  our  present  way  of  life. 

REMEMBER  

Orville  Wright  flew  the  first  airplane  at  Kitty 
Hawk,  North  Carolina,  in  1903. 

Oil  and  electricity  were  first  used  for  power 
at  the  end  of  the  19th  century. 

Atomic  energy  is  obtained  from  the  destruc- 
tion of  matter  and  not  from  common  fuels. 

Modern  civilization  depends  on  transportation 
which  enables  goods  and  raw  materials  to  b( 
freely  exchanged. 


QUESTIONS 


A 

1 . What  was  the  importance  of  the  Erie  Canal? 

2.  Who  were:  (a)  Robert  Fulton;  {b)  Orville 
Wright? 

3.  Name  six  cities  on  inland  waterways,  stating 
also  the  canal  or  river  on  which  each  city  is 
situated. 

B 

4.  Where  is  the  Appian  Way,  and  why  was  it 
important? 


5.  How  does  life  in  the  20th  century  differ  from 
that  of  the  American  pioneer? 

6.  Discuss  some  of  the  beneficial  effects  of  the 
proposed  St.  Lawrence  Seaway. 

7.  {a)  When  and  where  did  the  early  develop- 

ment of  the  railways  take  place  in 
Canada? 

(b)  How  did  the  development  of  the  rail- 
ways influence  travel  and  commerce? 
What  effect  did  freight  transportation 
by  rail  have  on  our  eating  habits? 


) 


THE  NATURE  OF  THINGS 


3.  ATOMS  AND  MOLECULES 

4.  MOLECULES  IN  MOTION 

5.  AIR,  AN  IMPORTANT  MIXTURE 

6.  WATER,  AN  IMPORTANT  COMPOUND 
WATER  FOR  MACHINES 


7. 
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ATOMS  AND  MOLECULES 


Chapter 


If  we  drop  a lump  of  sugar  into  water,  the 
sugar  gradually  disappears;  we  say  it  has  dis- 
solved in  water  to  form  a solution.  This,  of 
course,  is  merely  a statement  of  a common 
observation.  But  what  has  happened  to  the 
solid  sugar?  The  sugar  has  disintegrated  into 
small  particles  that  we  can  no  longer  see. 
And  what  has  happened  to  the  small  particles 
of  sugar?  We  know  that  if  we  extract  one 
drop  of  solution  from  any  part  of  it,  the  drop 
will  taste  sweet.  In  other  words,  the  particles 
of  sugar  are  everywhere  throughout  the  solu- 
tion. How  is  it  possible  for  sugar  particles  to 
spread  throughout  the  water?  There  must  be 
spaces  in  the  water  into  which  the  sugar 
particles  can  penetrate.  Water,  however,  ap- 
pears to  be  continuous  and,  even  under  a 
powerful  microscope,  the  spaces  cannot  be 
seen. 

The  above  argument  is  quite  logical,  but 
it  shows  that  things  are  not  always  what  they 
seem  to  be.  This  was  known  to  the  Greek 
philosophers  as  early  as  400  b.c.  One  of  the 
philosophers  named  Democritus  even  went  a 
step  further  than  this.  He  said  that  all  sub- 
stances, whether  solids,  liquids,  or  gases,  have 
holes  in  them,  and  that  these  holes  are  spaces 
between  the  particles  that  make  up  matter. 
These  particles  he  called  atoms.  (The  word 
atom  comes  from  a Greek  word  meaning  “can- 
not be  cut.”)  Expressed  more  brie%,  his 
idea  was : all  substances  are  made  up  of  atoms. 

What,  then,  are  atoms?  This  tantalizing 
question  has  puzzled  scientists  through  the 


ages.  The  Greeks,  however,  would  have  an- 
swered the  question  without  hesitation  by 
saying  that  atoms  are  nature’s  building  blocks; 
they  are  used  to  build  matter  just  as  rocks 
are  used  to  build  temples. 

Elements  and  Compounds.  We  shall  say 
more  about  atoms  a little  later,  but  first  let 
us  return  to  sugar.  If  we  heat  some  sugar 
strongly,  it  becomes  considerably  smaller. 
Eventually  it  chars  so  that  we  are  left  with 
a black  residue.  We  can  treat  this  residue  with 
all  the  chemicals  in  the  laboratory,  but  we 
cannot  break  it  down  into  anything  simpler. 
It  is  an  element— the  element  carbon.  After 
the  rough  treatment  we  gave  the  carbon  we 
can  say  that  an  elemept  is  a substance  that 
cannot  be  decomposed  bv  chemical  treatment 

An  element  is  made  up  of  atoms  of  the  same 

kind. 

To  date,  ninetv-eight  elements  have  been 
discovered.  You  are  probably  familiar  with 
some  of  them,  such  as  iron,  aluminum,  so- 
dium, mercury,  carbon,  oxygen,  and  chlorine. 
The  first  four  are  metals,  the  others  non- 
metals.  Iron,  aluminum,  and  sodium  are 
solids;  mercury  is  a liquid;  oxygen  and  chlo- 
rine are  gases.  By  far  the  most  plentiful  ele- 
ment on  the  earth  is  oxygen.  What  do  you 
guess  is  the  most  plentiful  metal?  Although 
most  people  seem  to  believe  it  is  iron,  the 
correct  answer  is  aluminum. 

Let  us  return  to  the  heating  of  the  sugar. 
We  discovered  that  the  sugar  got  smaller  and 
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became  charred.  Why  did  the  sugar  get 
smaller?  Part  of  it  was  lost  because  it  escaped 
into  the  air.  In  other  words,  sugar  decomposes 
when  it  is  heated.  Sugar  therefore  consists  of 
some  other  element  besides  carbon;  it  is  a 
compound. 

Compounds  form  a large  group  of  sub- 
stances, tens  of  thousands  of  them.  They  are 
all  around  us.  Salt,  water,  cotton,  starch,  and 
chalk  are  common  compounds.  A compound 
is  formed  when  atoms  of  different  elements 
are  linked  together.  Sometimes  only  two  ele- 
ments form  a compound,  but  there  may  be 
three,  four,  five,  or  even  more.  Sugar,  for 
example,  contains  the  elements  carbon,  hydro- 
gen, and  oxygen. 

Let  us  now  examine  a few  common  com- 
pounds and  the  elements  they  contain. 


Demonstration  3-1.  Elements  and  Compounds. 


Place  each  of  the  following  elements  and  their 
corresponding  compounds  in  bottles  and  arrange 
them  in  four  groups  as  shown  below: 


Elements 

1.  carbon  and  chlorine 

2.  sodium*  and  chlo- 

rine 

3.  hydrogen  and  oxygen 

4.  carbon,  hydrogen, 

and  oxygen 


Compounds 
carbon  tetrachloride 
sodium  chloride 

water 

sugar 


In  the  first  example,  carbon  is  a black  solid 
and  chlorine  is  a greenish-yellow  gas;  the  com- 
pound carbon  tetrachloride  is  a liquid.  In 
the  second,  sodium  is  a silvery  solid,  while 
the  compound  sodium  chloride,  usually  called 
common  salt,  is  a white  solid. 

It  is  interesting  to  note  that  sodium  is  a 
poisonous  metal  and  chlorine  is  a poisonous 
gas,  but  sodium  chloride  is  not  poisonous 
and  is  an  essential  part  of  our  diet.  Oxygen 
and  hydrogen  are  gases,  but  the  compound 
of  these  gases  is  water,  a liquid. 

There  is  no  visible  sign  of  an  element  in 
a compound;  once  the  elements  combine  to 


* The  metal  sodium  must  be  kept  in  a bottle  con- 
taining kerosene,  otherwise  it  reacts  chemically  with 
the  air.  Never  put  sodium  in  water. 


form  a compound,  their  properties  are  en- 
tirely changed.  That  is  why  we  speak  of  a 
chemical  change.  A simple  experiment  will 
demonstrate  this. 

Demonstration  3-2.  To  Make  a Compound  from  Its 
Elements. 

Make  a mixture  of  10  grams  of  powdered  iron 
and  5 grams  of  powdered  sulfur.  After  a thor- 
ough mixing,  pour  enough  of  the  mixture  into 
a test  tube  to  fill  it  halfway  and  keep  the  rest  of 
the  mixture  separate.  Support  the  test  tube  as 
shown  in  Fig.  3-1. 

Now  heat  the  bottom  of  the  test  tube  in  a 
Bunsen  flame  and,  when  the  mixture  begins  to 
glow,  remove  it  from  the  flame.  The  red  glow 


Fig.  3—1.  Iron  and  sulfur  combine  when  heated. 


spreads  throughout  the  mixture  as  the  chemical 
change  takes  place.  Allow  the  test  tube  to  cool. 

When  it  has  cooled,  remove  the  compound 
from  the  test  tube,  breaking  the  tube  if  neces- 
sary. Compare  this  compound  with  the  mixture 
of  iron  and  sulfur. 

Notice  that  there  is  no  trace  of  yellow  sulfur 
in  the  compound.  To  show  that  there  is  no  free 
iron  in  the  compound,  hold  a magnet  first  near 
the  compound,  then  near  the  mixture.  The 
marked  difference  in  the  attraction  by  the  mag- 
net proves  that  there  is  little  or  no  free  iron  in 
the  compound.  ^ 

We  must  be  careful  not  to  confuse  the 
terms  compound  and  mixture.  The  parts  of 
a compound  have  reacted  chemically,  whereas 
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the  ingredients  of  a mixture  have  not.  It  fol- 
lows that  the  substances  in  a mixture  can  be 
more  easily  separated  than  the  same  sub- 
stances in  a compound.  In  the  mixture,  iron 
and  sulfur  can  be  separated  from  each  other 
quite  easily;  in  the  compound,  the  elements 
have  combined  and  therefore  cannot  be  easily 
separated. 

The  compound  formed  in  the  demonstra- 
tion is  called  iron  sulfide.  We  can  represent 
this  chemical  change  by  an  equation: 

iron  + sulfur  iron  sulfide 

This  is  read,  “Iron  and  sulfur  yield  iron  sul- 
fide.” 

Obviously,  there  is  some  kind  of  bond  hold- 
ing the  parts  of  the  compound  together. 
What  does  this  bond  look  like?  Do  all  atoms 
have  bonds?  These  questions  will  be  answered 
on  pages  22-23.  But  first  we  must  learn 
more  about  atoms. 

Atoms.  The  Greek  philosophers  knew  little 
or  nothing  about  chemical  reactions.  Indeed, 
they  made  use  of  the  experimental  method 
only  very  rarely,  A Greek  gentleman  did 
not  like  to  soil  his  hands  in  a laboratory; 
he  usually  only  meditated  on  the  nature 
of  things.  It  is  therefore  not  surprising  that 
as  a result  of  our  experimentation  today  we 
know  considerably  more  about  atoms  than 
did  the  Greek  philosophers.  We  know  that 
atoms  are  so  tiny  that  no  microscope  has  suf- 
ficient magnifying  power  to  make  them  vis- 
ible. We  know  also  that  atoms  are  the  tiny 
bits  of  elements  that  take  part  in  chemical 
reactions.  One  grain  of  sulfur  or  iron  contains 
many  millions  of  atoms,  and  it  is  the  atoms 
of  these  elements  that  combine  to  form  iron 
sulfide.  An  atom  is  the  smallest  particle  of  an 
element  that  can  take  part  in  a chemical  re- 
action. 

Although  atoms  are  exceedingly  small,  scien- 
tists have  discovered  several  methods  of  find- 
ing their  weight  and  size.  They  have  found 
that  an  ounce  of  hydrogen,  which  is  made 
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from  the  lightest  of  the  atoms,  contains  about 
20,000,000,000,000,000,000,000,000  atoms.  It 
is  quite  impossible,  of  course,  to  comprehend 
this  number,  but  at  least  it  gives  some  idea  of 
the  exceedingly  small  size  of  a single  atom. 
Still  another  way  to  think  of  the  size  of  an 
atom  is  to  compare  the  sizes  of  the  earth,  a 
baseball,  and  an  atom.  An  atom  is  smaller 
than  a baseball  in  about  the  same  proportion 
that  a baseball  is  smaller  than  the  earth. 

What  are  the  weights  of  atoms?  The  weight 
of  any  atom  is  so  microscopically  small  that 
the  mind  is  unable  to  grasp  it.  The  weight  of 
an  oxygen  atom,  for  instance,  is  0.000,000,000,- 
000,000,000,000,000,1  of  an  ounce. 

For  some  purposes  (you  will  learn  more 
about  this  subject  in  a later  chapter)  scien- 
tists must  be  able  to  compare  the  weights  of 
atoms.  Notice  the  word  compare  because, 
fortunately,  the  actual  weights  of  atoms  are 
not  particularly  important  to  us.  Relative 
weights,  however,  are  very  important. 

If  we  compare  the  weight  of  an  oxygen 
atom  with  that  of  a hydrogen  atom  we  get: 

Wt.  oxygen  atom  _ 16 

Wt.  hydrogen  atom  1 

This  means  that  an  oxygen  atom  is  16  times 
as  heavy  as  a hydrogen  atom.  Expressed  this 
way,  it  has  some  meaning  to  us. 

Scientists  have  arranged  the  ninety-eight  at- 
oms in  the  order  of  their  weights  by  compar- 
ing them  with  the  weight  of  hydrogen  ( 1 ) 
or  of  oxygen  (16).  These  relative  weights  are 
called  the  atomic  weights  of  the  elements. 
Here  are  the  approximate  values  of  a few  of 
them: 


Hydrogen 

. 1 

Chlorine 

. . 35.5 

Helium  . 

. 4 

Iron 

. . 56 

GCarbon  . 

. 12 

Copper  . 

. . 64 

Nitrogen 

. 14 

Silver 

. . 108 

Oxygen  . 

. 16 

Mercury 

. . 201 

Aluminum  . 

. 27 

Lead 

. . 207 

Sulfur 

• 

Uranium 

. . 238 

In  general,  the  atomic  weights  of  the  met- 
als are  greater  than  those  of  the  nonmetals. 
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MoSecuies.  When  iron  sulfide  is  formed, 
one  atom  of  iron  eombines  with  one  atom  of 
sulfur.  What  name  shall  we  give  to  this 
smallest  possible  quantity  of  iron  sulfide? 
Clearly,  not  an  atom  of  iron  sulfide.  Why 
not? 

The  smallest  possible  group  of  atoms  that 
form  a eompound  is  called  a molecule.  The 
word  molecule  is  derived  from  the  Latin  and 
means  “a  little  heap.” 

There  is  another  important  difference  be- 
tween an  atom  and  a molecule:  a molecule 
can  exist  by  itself;  an  atom  usually  cannot. 
If  single  atoms  of  oxygen,  for  instance,  are 
released  in  a chemical  reaction,  they  cannot 
remain  in  the  atomic  state  because  they  are 
much  too  active.  Instead,  two  atoms  unite 
to  form  a molecule  of  oxygen.  This  can  be 
shown  in  symbols: 

20 ->0, 

The  symbol  O stands  for  an  atom  of  oxygen, 
the  two  oxygen  atoms  are  represented  by  20 
and  a molecule  of  oxygen  by  the  sub- 
script 2 indicating  the  number  of  atoms  in 
the  molecule.  The  equation  is  read  “Two 
atoms  of  oxygen  yield  one  molecule  of  oxy- 
gen.” Hence,  a molecule  is  the  smallest  par- 
ticle of  an  element  or  a compound  that  can 
exist  by  itself. 

Structure  of  an  Atom.  No  one  has  seen  an 
atom.  Scientists  have  therefore  done  a great 
deal  of  guessing  about  its  structure.  Until  the 
end  of  the  19th  century  they  thought  of  at- 
oms as  minute  elastic  balls.  But  this  concept 
could  not  explain  how  atoms  of  different  sub- 
stances unite  with  one  another  to  form  mole- 
cules as  they  do  in  such  compounds  as  water 
and  carbon  dioxide. 

For  many  years  scientists  thought  about  the 
nature  of  the  bonds  on  the  surfaces  of  atoms. 
They  discovered  that  some  bonds  are  exceed- 
ingly strong,  whereas  others  are  comparatively 
weak.  The  bonds  holding  together  the  atoms 
in  the  water  or  carbon  dioxide  molecule,  for 


THE  NATURE  OF  THINGS 

example,  are  much  stronger  than  those  in  the 
sugar  molecule.  The  result  is  that  the  bonds 
of  sugar  molecules  are  easily  broken  by  heat, 
while  those  of  water  or  carbon  dioxide  are 
not.  What  is  the  nature  of  these  bonds? 


Fig.  3—2.  In  a dark,  dry  room  on  a cold  winter  night 
(when  the  humidity  will  be  especially  low),  a fluores- 
cent tube  will  glow  if  rubbed  rapidly  on  your  coat 
sleeve.  Why  does  the  tube  glow?  Caution:  Be  very 
careful  not  to  break  the  tube  because  the  coating  in- 
side is  dangerous  to  touch. 

( From  After  Dinner  Science  by  Kenneth  M.  Swezey, 
published  by  Whittlesey  House,  New  York,  1948. 
Copyright  by  the  McGraw-Hill  Book  Company,  Inc. ) 

The  study  of  electricity  shows  that  the  bonds 
are  electrical.  That  electricity  is  associated 
with  matter  can  be  shown  in  the  following 
demonstration. 

Demonstration  3-3.  Electricity  by  Friction. 

Tear  some  thin  paper  into  small  pieces.  Rub 
a glass  rod  with  silk  and  hold  the  end  of  the  rod 


^7 

Fig.  3—3.  The  rubbed  glass  rod  picks  up  small  pieces 
of  paper. 
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near  the  paper.  Some  of  the  pieces  of  paper  are 
attracted  to  the  glass  rod  and  stick  to  it.  Pieces 
of  paper  are  also  attracted  to  a fountain  pen 
rubbed  against  wool. 

The  ancient  Greeks  performed  this  exper- 
iment with  a rod  of  amber  instead  of  glass. 
The  Greek  word  for  amber  is  elektron;  it  is 
from  this  that  the  word  electricity  is  derived. 


Fig.  3—4.  The  hydrogen  atom  has  one  electron  out- 
side the  nucleus. 


Both  amber  and  glass  can  be  charged  with 
electricity  by  friction. 

Where  does  the  electricity  come  from?  Ac- 
tually electric  charges  are  present  in  all  mat- 
ter, and  some  of  these  charges  can  be  rubbed 
off  the  atoms.  The  charges  that  are  rubbed 
off  are  called  electrons;  they  are  negative 
charges  of  electricity.  Electrons  can  be  re- 
moved from  some  substances  very  easily. 





cally  neutral.  Electrons  are  exceedingly  small; 

the  weight  of  an  electron  is  about  — part 

1800 

of  the  weight  of  a hydrogen  atom.  When 
glass  is  rubbed  with  silk,  some  electrons  are 
torn  away  from  the  atoms  that  make  up  the 
glass;  as  a result  the  glass  is  left  positively 
charged.  Thus  it  is  able  to  attract  pieces  of 
paper. 

Fig.  3-5  shows  the  oxygen  atom,  including 
the  paths  of  the  eight  electrons,  and  the  large 
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Fig.  3—6.  If  the  nucleus  of  the  oxygen  atom  were 
500  yards  in  diameter,  the  diameter  of  the  path  of 
the  outer  electrons  would  be  3,000  miles. 


Fig.  3—5.  The  oxygen  atom  has  eight  electrons 
outside  the  nucleus. 

Merely  scuffing  the  carpet  with  our  shoes  in 
dry  weather  is  enough  to  dislodge  electrons 
which  accumulate  on  the  surface  of  our  body. 
If  we  touch  a metal  doorknob,  the  electrons 
are  conducted  rapidly  away  from  us,  giving  us 
a slight  shock. 

An  atom  consists  of  two  parts:  negative 
outside  electrons  and  a positive  nucleus,  or 
core.  The  negative  electrons  neutralize  the 
positive  nucleus  and  make  the  atom  electri- 


amount of  empty  space  inside  the  atom.  We 
shall  get  a good  idea  of  this  empty  space  if 
we  imagine  the  tiny  nucleus  of  the  oxygen 
atom  to  be  enlarged  until  its  diameter  meas- 
ures 500  yards,  which  is  a little  more  than  a 
quarter  of  a mile.  In  such  a case,  the  diam- 
eter of  the  path  of  the  outer  electrons  would 
equal  the  distance  from  New  York  to  San 
Francisco.  The  electrons  would,  of  course,  be 
only  a few  yards  in  diameter,  and  the  rest  of 
the  space  would  be  empty. 

This  picture  of  the  atom  is  quite  different 
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from  the  elastic-ball  theory  of  a century  ago. 
It  is  true  that  atoms  are  the  building  blocks 
of  matter,  but  they  are  not  the  smallest 
particles  known  to  scientists.  The  smallest 
known  particles  are  the^|^tmn^ 

The  nucleus  of  the  atom  pla^  no  part  in 


chemical  reactions.  Reactions  are  due  only  to 
the  outer  electrons.  But  the  nucleus  can  be 
split,  and  the  splitting  is  accompanied  by 
great  violence,  as  was  shown  by  the  atomic 
bomb  explosions  in  World  War  II.  You  will 
learn  more  about  the  nucleus  in  Chapter  57. 


THINGS  TO  REMEMBER 


An  element  is  a substance  that  cannot  be  de- 
composed by  chemical  treatment. 

A compound  is  formed  when  elements  are 
linked  together. 

An  atom  is  the  smallest  particle  of  an  element 
that  can  take  part  in  a chemical  reaction. 

Atomic  weights  are  the  relative  weights  of 


atoms  expressed  in  terms  of  the  hydrogen  atom 
as  1 or  the  oxygen  atom  as  16. 

A molecule  is  the  smallest  particle  of  an  ele- 
ment or  compound  that  can  exist  by  itself. 

An  atom  is  composed  of  a central  core,  or 
nucleus,  surrounded  by  electrons. 

An  electron  is  a^egativ^  charge  of  electricity. 


QUESTIONS 


ly^efine  the  following:  [a)  elem-ent;  (b)  atpm; 
(c)  molecule. 

Arrange  the  following  elements  in  the  order 
of  their  atomic  weights:  carbon,  uranium, 
oxygen,  hydrogen,  nitrogen. 

3y^uppose  there  are  a hundred  different  sub- 
/ stances  in  the  laboratory. 

(a)  Could  they  all  be  elements?  Why? 

(b)  Could  they  all  be  compounds?  Why? 
f4y  Have  chemists  ever  obtained  an  atom  of 

water?  Explain. 

15^  The  atomic  weight  of  sulfur  is  32.  What 
does  this  mean? 


B 
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(9) 


/Suppose  you  are  given  two  powders,  one  of 
which  is  a mixture  of  iron  and  sulfur  and  the 
other  is  iron  sulfide.  How  could  you  tell  one 
from  the  other  by  at  least  two  tests? 
Describe  an  experiment  you  would  perform 
to  prove  that  ordinary  matter  contains  elec- 
tric charges. 

What  is  (a)  an  electron?  [b]  an  atomic 
nucleus? 

Arrange  the  following  in  decreasing  order  of 
size:  atom,  molecule,  electron,  nucleus. 


PROJECT 


To  Separate  the  Ingredients  of  a Mixture  of 
Iron  and  Sulfur.  Thoroughly  mix  some  pow- 
dered iron  and  powdered  sulfur.  Spread  the 
mixture  over  a piece  of  paper  and  hold  one  pole 
of  a magnet  just  above  the  mixture.  The  iron 
is  attracted  to  the  magnet  and  most  of  the  sulfur 
remains  on  the  paper.  Notice,  however,  that  the 
iron  on  the  magnet  has  carried  some  sulfur  with 
it.  To  remove  the  sulfur  from  the  iron  we  must 
use  a liquid  that  will  dissolve  the  sulfur  but  not 
the  iron.  Such  a liquid  is  carbon  bisulfide. 
Caution:  Carbon  bisulfide  is  poisonous.  Do  not 
get  the  liquid  on  your  hands  or  inhale  its  vapor. 

Pick  the  iron  particles  off  the  magnet  and 
drop  them  into  a test  tube.  Pour  some  carbon 


bisulfide  into  the  test  tube,  about  an  inch  deep. 
Close  the  test  tube  with  a stopper  and  shake  the 
tube  thoroughly. 

Fold  some  thin  blotting  paper  or  filter  paper 
so  that  it  will  hold  a liquid.  Pour  the  contents 
of  the  test  tube  into  the  blotting  paper  and  catch 
in  a dish  the  carbon  bisulfide  that  passes  through 
it. 

Allow  the  blotting  paper  to  dry.  Notice  that 
clean  iron  remains.  The  carbon  bisulfide  in  the 
dish  evaporates  after  five  or  ten  minutes,  leav- 
ing behind  the  yellow  sulfur. 

Can  you  explain  how  you  could  separate  a 
mixture  of  powdered  coal  and  salt? 


chapter 


MOLECULES  IN  MOTION 


In  Chapter  3 you  learned  that  there  are 
spaces  between  the  molecules  of  every  sub- 
stance. If  there  were  no  spaces  between 
the  molecules  of  water,  for  example,  there 
would  be  no  room  for  dissolved  particles,  and 
solutions  could  not  be  formed. 

Solutions.  What  are  solutions?  Why  are 
they  so  important?  The  first  question  we  can 
answer  at  once;  the  answer  to  the  second  will 
follow  a little  later.  A solution  is  a mixture 
of  the  dissolving  liquid  and  the  dissolved 
substance.  The  liquid  is  known  as  the  solvent 
and  the  dissolved  substance  as  the  solute. 
Thus  a solution  is  a mixture  of  solute  and 
solvent.  For  our  purposes  the  solvent  will 
usually  be  water.  There  are  other  solvents; 
for  example,  the  tincture  of  iodine  you  buy 
at  the  drug  store  is  a solution  of  iodine  in 
alcohol.  However,  water  is  by  far  the  most 
important  solvent.  The  solute  may  be  a liq- 
uid, a solid,  or  a gas;  solid  and  gaseous  solutes 
are  more  common  than  liquid  solutes.  A liq- 
uid solute  forms  a liquid-liquid  solution.  One 
interesting  example  of  a liquid-liquid  solution 
suggests,  in  a convincing  way,  that  there  must 
be  holes  in  liquids. 

Demonstration  4-1.  To  Show  There  Are  Holes  in 
Liquids. 

Carefully  measure  50  ce.  of  alcohol  and  50  cc. 
of  water.  You  might  estimate  that  the  total  vol- 
ume obtained  by  adding  the  alcohol  to  the  water 
will  be  100  cc.  But,  by  pouring  the  two  liquids 
into  a 100-cc.  graduate  you  will  actually  see  that 
the  total  volume  is  about  95  cc. 


If  you  remember  that  there  are  holes  in 
liquids,  you  might  argue  that  some  of  the  al- 
cohol molecules  will  enter  the  spaces  between 
the  water  molecules,  and,  on  the  other  hand, 
some  of  the  water  molecules  will  enter  the 
spaces  between  the  alcohol  molecules.  Thus, 
you  account  for  the  fact  that  the  total  volume 
is  less  than  100  cc. 


Fig.  4-1.  Reading  a graduate. 


Solutions  of  Solids  and  Their  Uses.  If 

solids  did  not  dissolve  in  liquids  to  form  solu- 
tions, there  would  be  no  life  on  the  earth — 
neither  plant  life  nor  animal  life.  Animals 
must  eat  to  live.  The  mere  eating  of  food, 
however,  will  not  sustain  life.  ITie  food  must 
first  be  digested;  that  is,  it  must  be  broken 
down  to  simpler  substances  that  can  be  used 
by  the  cells  of  the  body.  But  even  the  diges- 
tion of  food  is  not  enough,  for  the  substances 
that  result  from  digestion  pass  into  the  blood- 
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stream.  In  the  blood  they  dissolve  and  are 
carried  in  solution  to  all  parts  of  the  body  to 
be  used  to  build  or  repair  living  tissue. 

Solutions  also  have  other  uses.  The  chem- 
ist uses  solutions  of  substances  to  carry  out 
many  chemical  operations.  Let  us  take,  for 
example,  the  manufacture  of  caffeine  for  use 
as  a stimulant  and  as  an  ingredient  of  some 
headache  powders.  Caffeine  occurs  in  nature 
in  tea  leaves  and  coffee  beans,  and  the  chem- 
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solution  and  carried  into  the  sea.  In  other 
words,  the  sea  is  a solution;  and  the  taste  of 
sea  water  is  due  to  the  substances  dissolved 
in  it.  Rocks  and  soils  are,  of  course,  only 
slightly  soluble;  otherwise  they  would  be  rap- 
idly removed  from  the  earth’s  surface.  Never- 
theless, the  slow  dissolving  action  of  river 
water  aids  in  the  important  geological  process 
of  erosion,  which  is  discussed  in  Chapter  10. 

It  is  easy  to  show  the  solubility  of  solids  in 
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Fig.  4—2.  The  dissolving  and  eroding  action  of  river  water  causes  wearing  of  the  banks. 


ist  must  extract  it  from  these  natural  sources. 
Caffeine  does  not  dissolve  in  water,  but  does 
dissolve  in  alcohol  or  chloroform.  To  extract 
the  caffeine,  therefore,  tea  leaves  are  boiled 
with  alcohol  or  chloroform.  The  solution  is 
then  poured  off  from  the  fibrous  residue  and 
heated.  The  solvent  evaporates,  leaving  be- 
hind the  white  solid  caffeine. 

Then  there  is  the  great  dissolving  process 
in  nature.  Practically  every  kind  of  rock  has 
some  soluble  constituent.  As  rivers  flow  over 
the  land,  part  of  the  soil  or  rock  is  taken  into 


the  laboratory.  Potassium  nitrate,  a white  J 
solid,  has  been  selected  for  this  purpose.  It  is 
a good  plant  fertilizer  because  it  dissolves  in 
the  water  of  the  soil  and  is  then  absorbed  by 
the  roots  of  plants. 

Demonstration  4-2.  The  Solubility  of  Potassium  Nitrate.  ;; 

Grind  some  potassium  nitrate  to  a powder. 
Half  fill  a test  tube  with  water,  add  a little  potas-  || 
sium  nitrate,  and  shake  the  tube.  The  potassium  l| 
nitrate  dissolves.  Continue  to  add  the  powder!: 
until,  after  shaking,  some  of  it  remains  undis-f! 
solved  in  the  tube.  When  the  water  has  dis-li 
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solved  as  much  as  it  can  dissoKe  at  that  par- 
ticular temperature,  the  solution  is  said  to  be 
fiatijratad. 

Now  heat  the  test  tube,  and  the  solid  dissolves. 
Add  more  powder  and  continue  to  heat.  A sur- 
prisingly large  amount  of  solid  dissolves  at  the 
higher  temperature. 

Finally,  let  the  cold  water  from  the  faucet  run 
over  the  outside  of  the  test  tube.  Since  all  the 
solid  cannot  now  remain  in  solution  at  the  lower 
temperature,  some  of  it  falls  to  the  bottom  of 
the  tube  as  a shower  of  small  crystals. 

It  is  ob\  ious  from  this  experiment  that  the 
amount  of  solid  that  dissolves  depends  on  the 
temperature  of  the  water,  and  that  usually 
the  hotter  the  water,  the  greater  the  amount 

of  solid  that  it  will  dissolve. 

The  solubility  of  substanees  varies  consid- 
erably. Not  all  substances  are  as  soluble  as 
potassium  nitrate.  Chalk,  for  instance,  is  al- 
most insoluble  in  water.  Can  you  think  of  an 
experiment  by  which  you  could  show  that 
chalk  is  insoluble? 

Solutions  of  Gases.  Gases  dissolve  in  water 
Just  as  solids  do.  Some  gases  are  much  more 
soluble  than  others.  (^mmonlLIjs  one  of  the 
most  soluble  gases.  Its  solubility  can  be  shown 
in  the  following  spectacular  demonstration. 

Demonstration  4-3.  The  Solubility  of  Ammonia. 

Pour  from  10  to  15  cc.  of  concentrated  am- 
monium hydroxide  into  a liter  flask.  Heat  the 
flask.  Ammonia  gas  escapes  from  the  solution 
and  displaces  the  air  in  the  flask.  Insert  in  the 
neck  of  the  flask  a stopper  fitted  with  a long 
tube  and  a jet  that  reaches  almost  to  the  bottom 
of  the  flask.  Invert  the  flask  and  place  the  end 
of  the  outlet  tube  well  below  the  surface  of 
water  in  a jar,  as  shown  in  Fig.  4-3.  If  a few 
drops  of  phenolphthalein  are  added  to  the  water 
in  the  jar,  the  solution  that  collects  in  the  flask 
will  turn  red  and  will  therefore  be  easier  to  see. 

The  amm.onia  at  once  begins  to  dissolve 
in  the  water,  and  more  water  rises  in  the  tube 
to  fill  the  space  left  by  the  gas.  On  reaching 
the  top  of  the  tube  the  water  emerges  in  a 
fountain,  showing  that  ammonia  gas  is  very 
soluble  in  water. 

Carbon  dioxide  is  another  gas  that  dis- 


solves in  water,  although  it  is  much  less  solu- 
ble than  ammonia.  Carbon  dioxide  is  formed 
in  the  cells  of  the  body  and  passes  through 
the  cell  walls  into  the  bloodstream,  in  which 
it  is  carried  in  solution  to  the  lungs.  It  passes 
through  the  membrane  of  the  lungs  and  fi- 
nally escapes  into  the  air. 

We  can  readily  test  for  carbon  dioxide  in 
exhaled  air  by  breathing  into  a test  tube  that 
contains  about  an  inch  of  l-ime  water.  If  the 
tube  is  shaken,  the  solution  becomes  milky. 


The  only  gas  that  turns  limewater  milky  is 
carbon  dioxide. 

We  can  greatly  increase  the  solubility  of  / 
carbon  dioxide  by  forcing  it  to  dissolve  under  \ 
pressure.  The  solution  formed  in  this  way  is  ^ 
called  soda  water,  which  is  used  as  a beverage. 
The  bubbles  that  escape  from  a bottle  of  soda 
water  as  soon  as  the  cap  is  removed  are  carbon 
dioxide.  Much  of  the  gas  remains  in  solution, 
however,  as  we  can  easily  prove. 


Demonstration  4-4.  To  Collect  Carbon  Dioxide  from 
Soda  Water. 

Pour  some  soda  water  into  a flask.  Support 
the  flask  on  a stand  at  a suitable  height  for  heat- 
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ing.  Attach  a stopper  and  long  tube  to  the  flask 
as  shown  in  Fig.  4-4.  Allow  the  tube  to  dip  into 
a vessel  in  which  water  and  a small  shelf  have 
been  placed,  the  shelf  being  covered  by  water. 
Completely  fill  a bottle  with  water  and  then 
plaee  a glass  plate  over  the  top  of  it.  Invert  the 
Ijottle  (plaeing  the  mouth  of  it  under  water), 
remove  the  glass  plate,  and  let  the  bottle  rest  on 
the  shelf.  Now  insert  the  end  of  the  tube  under 
the  bottle. 

Heat  the  flask  gently  with  a small  flame.  No- 
tice that  bubbles  of  gas  rise  in  the  bottle  and 
displace  the  water. 

To  prove  that  the  gas  is  carbon  dioxide,  turn 
the  bottle  upright  on  the  shelf,  pour  in  a little 
limewater,  close  the  bottle,  and  shake  it.  Ob- 
serve that  the  limewater  beeomes  milky. 


Fig.  4—4.  Carbon  dioxide  escapes  when  soda  water 
is  heated. 

This  is  rather  a long  experiment,  but  it 
illustrates  two  important  points.  In  the  first 
plaee,  it  shows  how  a gas  is  usually  eollected. 
The  air  is  first  removed  from  a bottle  by  fill- 
ing it  with  water;  then  the  water  is  removed 
from  the  bottle  by  filling  it  with  gas.  Do 
you  think  it  neeessary  to  fill  the  bottle  with 
water?  Or,  in  other  words,  eould  you  get  a 
pure  gas  into  a bottle  without  using  water? 

The  second  thing  to  observe  is  jthat  a ms  is 
less  soluble  in  hot  water  than  in  cold  water. 
That  is,  in  order  to  drive  a gas  out  of  solution 
we  must  heat  the  solution.  It  is  important  to 
remember  this,  particularly  since  a solid  be- 
haves in  the  opposite  way. 

Oxygen  is  even  less  soluble  in  water  than 
carbon  dioxide.  A small  fraction  of  the  oxy- 
geiToFtheair  dissolves  in  water.  This  oxygen 
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is  essential  to  the  respiration  of  fish.  As  the 
water  passes  through  their  gills,  some  of  the 
dissolved  air  is  removed  from  the  solution  and 
in  this  way  the  fish  obtain  the  oxygen  they 
need  to  live. 

Spaces  in  Gases.  We  have  already  stated 
that  solutions  are  formed  when  the  molecules 
of  the  solute  occupy  the  spaces  between  the 
molecules  of  the  solvent.  In^is  way  are 
tonned~~“solid-liquid  Elutions,  liquid-liquid 
solutions,  and  gas-liquid  solutions.  It  is  also 
possible  to  make  solid-solid  solutions,  as  in 
steel  alloys. 

But  what  about  solutions  of  gas  in  gas? 
Earlier  in  the  chapter  we  said  that  water  is 
the  most  important  solvent.  Is  air  also  a sol- 
vent? We  live  in  an  ocean  of  air,  and  so  we 
are  vitally  concerned  with  it.  Actually,  scien- 
tists do  not  usually  speak  of  “air  solutions” 
because  the  holes  in  air — or  in  any  gas — are 
much  larger  than  those  in  water;  as  a result, 
the  air  spaces  are  much  easier  to  penetrate. 
The  pleasant  aroma  of  percolating  coffee 
spreads  through  the  house.  This  is  because 
some  molecules  of  the  coffee  escaped  into 
the  air  and  traveled  many  yards,  eventually 
reaching  our  noses. 

In  a gas  the  molecules  are  relatively:  far 
apart.  If  we  could  magnify  one  cubic  inch  of 
air  about  one  hundred  million  (100,000,000) 
times,  the  air  rholecules  would  look  like  mos- 
quitoes in  a space  the  size  of  a large  theater. 
The  “mosquitoes”  would  be  darting  about  at 
high  speeds.  The  average  distance  between 
them  would  be  about  ten  feet.  This  picture 
brings  out  the  important  fact  that  a gas  is  ah 
most  empty  space. 

It  should  now  be  obvious  why  a gas  is  so 
easily  compressed.  When  we  compress  air,  as 
in  a bicycle  pump,  we  do  not  change  the  size 
of  the  molecules,  but  merely  reduce  the  empty 
spaces  between  them. 

Motion  of  Gas  Molecules.  Since  there  are 
large  spaces  between  the  molecules  of  a gas, 
the  molecules  can  move  without  getting  very 
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much  in  one  another’s  way.  The  molecules 
of  liquids  and  solids  can  also  move,  but  they 
are  more  crowded  and  thus  interfere  with  one 
another’s  motion.  Indeed,  all  molecules  are 
always  in  a state  of  motion^  and  the  hotter 
a substance  be^mes  the  faster  they  move. 

The  effects  of  moving  gas  molecules  can  be 
shown  by  experiment.  The  gases  we  select  for 
this  purpose  are  air  and  hydrogen:  air  because 
it  is  easily  available,  hydrogen  because  it  is  the 
lightest  gas.  (As  we  might  expect,  theJighter 
the  gas,  the  faster  it  will  move.)  The  hydro- 
gen  will  spread  into  the  air  i 

the  hydrogen.  This  process  is 


Fig.  4—5.  A stream  of  water  escapes  through  the 
nozzle  when  hydrogen  diffuses  through  the  porous 
cup. 

Demonstration  4-5.  Diffusion  of  Hydrogen  into  Air. 

Arrange  the  apparatus  as  shown  in  Fig.  4-5. 
It  eonsists  of  a bottle  half  filled  with  water.  The 
stopper  of  the  bottle  holds  two  outlet  tubes. 
One  tube  dips  into  the  water  and  ends  in  a jet, 
and  the  other  is  attached  by  a stopper  to  a porous 
earthenware  cup.  Now  place  a large  inverted 
beaker  or  battery  jar  containing  hydrogen*  over 
the  porous  cup.  Almost  instantly  a stream  of 
water  is  forced  out  of  the  jet  of  the  outlet  tube. 

* Hydrogen  can  be  obtained  most  conveniently 
from  a small  cylinder  suitable  for  classroom  demon- 
strations. If  a cylinder  is  not  available,  the  gas  can 
be  prepared  by  the  method  described  in  Chapter  23. 


/ . 

What  forces  the  water  out  of  the  tube? 
The  only  force  capable  of  doing  this  is  the 
force  exerted  on  the  surface  of  the  water  iu 
the  bottle.  But  how  has  the  force  on  the 
water  surface  been  suddenly  increased?  This 
extra  force  or  pressure  is  caused  by  the  hydro- 
gen molecules  which  diffuse  through  the  pores 
of  the  cup  and  pass  into  the  space  above  the 
water  surface.  The  high-speed  hydrogen  mole- 
cules  bombard  the  water  surface  and  force 
some  of  the  water  out  of  the  bottle.  The  gas 
pressure  caused  by  moving  hydrogen  mole- 
cules is  considerable;  it  is  probably  greater 
than  the  pressure  you  can  exert  with  your 
lungs.  If  you  wish  to  compete  with  the  hydro- 
gen, first  remove  the  porous  cup  and  stopper 
from  the  end  of  the  tube  and  then  blow  as 
hard  as  you  can  down  the  tube.  You  can 
force  some  water  out  of  the  bottle,  but  can 
you  exert  as  much  pressure  as  the  moving 
hydrogen  molecules? 

What  about  the  motion  of  the  air  mole- 
cules? Some  air  molecules  undoubtedly  pass 
out  through  the  wall  of  the  porous  cup,  but 
the  apparatus  is  not  designed  to  indicate  the 
motion  of  air  molecules.  However,  we  can  be 
sure  that  the  speed  of  the  air  molecules  out 
is  much  less  than  the  speed  of  the  hydrogen 
molecules  in,  for  otherwise  there  would  not 
be  an  increase  in  pressure.  In  other  words, 
the  lighter  hydrogen  molecules  move  faster 
than  the  heavier  air  molecules. 

We  must  not  think  that  diffusion  is  limited 
to  gases;  it  occurs  in  liquids  and  even  in 
solids.  The  diffusion  in  liquids— that  is,  the 
motion  of  dissolved  particles  in  solution— is, 
of  course,  much  slower  than  in  gases.  It  plays 
an  important  part  in  the  digestion  of  food. 

Motions  of  Molecules  of  Liquids  and  Solids. 

Thus  far  we  have  said  little  about  the  motions 
of  molecules  in  liquids  and  solids.  In  a liquid 
the  molecules  are  closer  together  than  they 
are  in  a gas.  Nevertheless,  they  can  move  eas- 
ily, and  a liquid  can  therefore  assume  the 
shape  of  the  vessel  it  occupies.  Some  of  the 
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molecules  near  the  surface  may  even  escape 
from  the  liquid  into  space.  This  process  is 
called  evaporation.  Probably  you  have  seen 
many  instances  of  evaporation — the  drying  of 
your  body  after  bathing,  the  gradual  disap- 


(c) 


Fig.  4—6.  The  regular,  close  packing  of  the  molecules 
of  a solid  (a);  the  irregular  arrangement  of  the 
molecules  of  a liquid  (b);  and  the  irregular  and  open 
arrangement  of  the  molecules  of  a gas  (c). 

pearance  of  water  exposed  to  the  air,  the  dry- 
ing of  roads  after  a summer  rain. 

The  movement  of  molecules  in  solids  is 
different  from  that  of  molecules  in  liquids 
and  gases.  In  a solid,  the  molecules  are  so 
close  together  that  they  attract  one  another 
with  a strong  force  that  holds  them  in  a fixed 
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shape  or  pattern.  The  only  way  the  molecules 
of  a solid  can  move  and  still  retain  their  pat- 
tern  is  by  vibrating  back  and~foRh.  Tf  a solid 
is  heated,  the  speed  of  vibration  steadily  in- 
creases until,  eventually,  the  molecules  break 
away  from  one  another.  The  pattern  is  then 
broken,  the  molecules  move  about  freely,  and 
we  say  the  solid  has  melted. 

Solid  glass  can  easily  be  melted  by  heat. 
Before  it  melts  completely,  it  passes  through 
a plastic  stage  in  which  the  glass  is  soft  and 
can  be  molded  or  blown  to  form  such  things 
as  beakers,  flasks,  and  bottles. 

Demonstrat-ion  4-6.  To  Soften  Gloss  by  Heat. 

Hold  a piece  of  glass  tubing  about  9 inches 
long  in  a Bunsen  flame.  When  the  tube  is  soft, 
remove  it  from  the  flame  and  stretch  it  into  a 
long,  fine  capillary  tube.  {Capillary  is  derived 
from  a Latin  word  meaning  “hair.”) 

When  the  glass  is  removed  from  the  flame, 
the  air  cools  it,  the  molecular  motion  slows 
down,  and  the  molecules  again  become  fixed  and 
form  a pattern. 

Fig.  4-6  shows  roughly  the  spacing  of  the 
molecules  in  solids,  liquids,  and  gases.  The 
solid  molecules  show  a regular  pattern; 
the  liquid  molecules  show  irregular  spacing; 
the  gas  molecules  have  large  spaces  between 
them. 


THINGS  TO 

A solution  is  a mixture  of  solute  and  solvent. 

A solution  is  saturated  if  it  contains  the  maxi- 
mum amount  of  solute  it  can  hold  at  a particular 
temperature. 

The  solubility  of  a solid  is  usually  increased 
as  the  temperature  is  raised. 

The  solubility  of  a gas  is  decreased  as  the 
temperature  is  raised. 

Gas  molecules  are  in  a state  of  rapid  motion: 
the  higher  the  temperature,  the  faster  the  mo- 
tion; the  lower  the  temperature,  the  slower  the 
motion. 


REMEMBER  

Diffusion  is  the  mixing  of  different  molecules 
and  is  caused  by  their  motions. 

Light  gases  diffuse  rapidly;  heavy  gases  diffuse 
more  slowly. 

Gas  pressure  is  caused  by  the  molecular  bom- 
bardment of  a surface. 

Evaboration  is  the  escape  of  liquid  molecules 
into  the  space  above  the  liquid. 

The  molecules  of  a solid  are  held  by  mutual 
attrajction  in  a faxed  pattern. 


QUESTIONS 

/ A A solution  may  be  a mixture  of  any  solid 

Determine  which  of  the  following  state-  / and  water. 

ments  are  true  and  which  are  false.  Then  (jb)  A saturated  solution  of  a solid  is  made 

correctly  reword  the  false  ones.  less  saturated  by  heating  it. 
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y(c)  Ammonia  is  a more  soluble  gas  than 
oxygen. 

(d)  Carbon  dioxide  molecules  diffuse  faster 
than  hydrogen  molecules. 

(e)  If  their  temperature  is  raised,  carbon 
dioxide  molecules  can  be  made  to  travel 
as  fast  as  hydrogen  molecules. 

(/)  Oxygen  is  more  soluble  in  cold  water 
than  in  hot. 

1^.  What  is:  (a)  a solution;  (b)  a saturated 
solution? 

3.  Suppose  a saturated  sugar  solution  is  cooled. 
What  happens?  Why? 

4.  Give  an  example  of:  (a)  a solution  of  a 
solid  in  a liquid;  (b)  a solution  of  a liquid 
in  a liquid;  (c)  a solution  of  a gas  in  a liquid. 

5.  How  can  you  prove  that  exhaled  breath  con- 
tains carbon  dioxide? 

6.  How  would  you  prepare  a saturated  solution 
of  sugar? 

In  what  ways  are  solutions  important? 

® (^)  What  is  meant  by  diffusion? 

(b)  Draw  and  label  a diagram  of  the  dif- 
fusion experiment. 
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9.  How  could  you  get  pure  dry  salt  from  a mix- 
ture of  salt  and  chalk? 

10^  Suppose  goldfish  are  placed  in  cold  water 
that  has  been  recently  boiled.  What  hap- 
pens? Why? 

(Li  V Draw  and  label  a diagram  to  show  how  you 
would  collect  a bottle  of  exhaled  air  by  dis- 
placing water. 

You  are  given  ( 1 ) a saturated  solution  of 
potassium  nitrate  and  (2)  a saturated  solu- 
tion of  carbon  dioxide.  How  could  you  get 
more  potassium  nitrate  in  solution  ( 1 ) and 
less  carbon  dioxide  in  solution  (2)?  Give 
reasons  for  the  steps  you  would  take. 

{a)  What  causes  gas  pressure? 

(b)  If  a gas  is  heated,  does  the  pressure  in- 
crease or  decrease?  Why? 

^4.  How  can  you  prove  that  large  spaces  exist 
between  the  molecules  of  a gas? 

15.  A water  solution  is  saturated  with  air  and 
sugar.  If  the  solution  is  heated,  what  hap- 
pens to:  (d)  the  solution;  (b)  the  air;  (c)  the 
sugar? 


PROJECTS 


1.  To  Show  the  Solubility  of  Air  in  Water.  Pour 
tap  water  into  a beaker  until  it  is  about  three- 
quarters  full.  Place  the  beaker  on  a stand  and 
heat  it  with  a Bunsen  burner.  Notice  the 
escape  of  air  bubbles  long  before  the  water 
boils. 

Why  does  the  dissolved  air  escape  when 
the  water  is  heated? 

Would  you  expect  to  find  more  lively  fish 
in  cold  mountain  lakes  or  in  tropical  water? 
Why? 

2.  Testing  the  Solubility  of  Rock.  We  usually 
think  of  limestone  and  chalk  as  insoluble 
rocks.  Are  they  really  insoluble?  To  find  out, 
place  a little  finely  powdered  chalk  in  a clean 
test  tube.  (In  chemistry  and  geology,  chalk 
means  calcium  carbonate,  not  blackboard 
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chalk.)  Half  fill  the  test  tube  with  water. 
Glose  the  tube  with  a well-fitting  stopper 
and  shake  it  thoroughly  for  several  minutes. 
Then  allow  the  contents  to  settle  for  about 
ten  minutes. 

Now  pour  a little  of  the  water  through  a 
filter  paper  and  catch  the  filtered  water  in  a 
watch  glass  or  evaporating  dish.  Put  the  dish 
aside  for  a day  or  so  until  the  water  has  com- 
pletely evaporated.  Notice  the  faint  white 
residue  in  the  dish.  What  is  the  residue? 
Where  has  it  come  from?  Does  the  residue 
prove  that  chalk  is  slightly  soluble?  What 
modification  in  the  experiment  would  you 
suggest  to  increase  the  residue?  Why  not 
try  it? 


chapter 


AIR,  AN  IMPORTANT  MIXTURE 


Like  many  gases,  air  is  a substance  we 
cannot  see.  How,  then,  do  we  know  it  is  a 
substance  or  material?  There  is  plenty  of  evi- 
dence that  air  is  material  just  as  a liquid  or  a 
solid  is.  Air  can  turn  the  arms  of  a windmill; 
it  can  drive  a sailing  ship  across  the  sea;  it  can 
buoy  up  airplanes  and  birds.  If  the  wings  of 
a bird  could  not  push  on  the  air,  the  bird 
would  not  be  able  to  fly.  The  air  must  there- 
fore be  a substance. 

How  far  does  the  air  extend  beyond  the 
surface  of  the  earth?  There  is  no  exaet  an- 
swer to  this  question.  We  know  that  the  air 
gets  thinner  and  thinner  with  higher  and 
higher  altitudes,  and  we  have  a fairly  good 
idea  of  the  extent  of  the  atmosphere  from  the 
way  meteors  behave.  Meteors  are  not  shoot- 
ing stars;  indeed  they  are  not  stars  at  all. 
Usually  they  are  specks  of  dust  that  have  been 
in  outer  space  and  have  eome  near  enough  to 
the  earth  to  be  attraeted  by  it.  They  ap- 
proach the  earth  at  high  speeds,  often  as  high 
as  25  miles  a second,  or  90,000  miles  an  hour. 
Higher  than  100  miles  above  the  earth  there 
is  not  air  enough  to  cause  a meteor  to  shine. 
But  at  a height  of  about  80  miles  from  the 
earth’s  surface  meteors  encounter  denser  air. 
Sinee  they  travel  at  very  high  speeds,  the 
atmospherie  frietion  eauses  them  to  become 
white-hot  and  burn  up.  The  heights  of  these 
meteors  ean  be  ealeulated.  It  is  found  that  on 
the  average  they  are  only  between  40  and  80 
miles  above  the  earth’s  surfaee.  Of  eourse, 
the  atmosphere  extends  beyond  the  meteor 


region,  probably  by  several  hundred  miles; 
but  it  is  so  thin  in  these  high  altitudes  as  to 
be  almost  a vacuum.  The  atmosphere  is  a 
huge  ocean  of  air  that  is  most  eompact  at  the 
bottom,  and  it  is  at  the  bottom  of  this  mighty 
oeean  that  we  spend  our  lives. 

Why  does  the  air  remain  with  the  earth? 
Why  does  it  not  escape  into  spaee?  Though 
the  air  is  very  light  and  though  the  earth 
travels  around  the  sun  at  an  enormous  speed, 
the  air  stays  with  the  earth.  Why?  Actually 
the  earth  travels  round  the  sun  in  36514  days. 
To  make  this  long  journey  it  must  travel  ISVz 
miles  per  seeond,  or  nearly  70,000  miles  an 
hour.  It  might  seem  that  the  earth  would 
leave  the  air  behind,  somewhere  in  spaee. 
But  the  same  attraetive  force  that  pulls  me- 
teors toward  the  earth  is  exerted  on  the  mole- 
eules  of  air,  with  the  result  that  the  atmos- 
phere is  held  in  plaee.  We  know  that  some 
of  the  planets  have  lost  their  atmosphere.  The 
moon  has  no  atmosphere.  It  is  a mueh  smaller 
body  than  the  earth  and  therefore  exerts  a 
mueh  smaller  attraetive  foree  than  the  earth. 
This  force  is  not  large  enough  to  hold  air 
molecules  near  its  surfaee.  Even  if  the  moon 
had  originally  had  an  atmosphere,  it  eould  not 
have  retained  it. 

Air  Has  Weighf.  Compared  with  water,  air 
does  not  weigh  very  mueh.  The  air  in  a box 
3 feet  long,  2 feet  wide,  and  2 feet  deep  weighs 
only  1 pound;  the  air  in  a room  30  feet  by  20 
feet  by  10  feet  weighs  about  500  pounds;  but 
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the  weight  of  the  whole  atmosphere  is  almost 
4,000,000,000,000,000  tons.  By  the  following 
experiment  we  can  easily  show  that  air  has 
weight. 

Demonstration  5-1.  To  Show  That  Air  Has  Weight. 

Place  a short  glass  tube  through  a one-hole 
stopper  and  fit  the  stopper  into  a large  round- 
bottom  flask.  Connect  the  glass  tube  to  an 
aspirator  or  airpump  by  means  of  heavy-walled 
rubber  tubing  with  a pinch  clamp  attached. 
Turn  on  the  faucet  so  as  to  remove  air  from  the 
flask.  After  a minute  or  two  tighten  the  pinch 
clamp  and  disconnect  the  rubber  tube  from  the 
aspirator.  Place  the  flask  on  a balance  and 
counterpoise  it  with  weights.  Now  release  the 
pinch  clamp.  Air  rushes  into  the  flask,  and  the 
balance  registers  a marked  increase  in  weight. 


Air  Pressure.  Since  air  has  weight,  it  exerts 
a pressure  on  the  surfaces  on  which  it  rests. 
We  can  demonstrate  that  the  pressure  of  the 
air  is  considerable. 

Demonstration  5-2.  To  Show  That  Air  Exerts  a Pressure. 

Place  a piece  of  glass  tubing  through  a one- 
hole  stopper  and  fit  the  stopper  into  the  outlet 
of  a tin  can.  (A  can  about  15"  x 12"  x 9"  is 
satisfactory  for  this  purpose.)  Attach  the  glass 
tube  to  an  aspirator  and  turn  on  the  faucet.  In 
a few  minutes  the  sides  of  the  can  begin  to 
buckle,  and  eventually  the  can  collapses,  as 
shown  in  Fig.  5-2. 

What  caused  the  can  to  collapse?  It  is  rea- 
sonable to  suppose  that  the  cause  is  the  inward 
pressure  of  the  air.  Then  why  didn’t  the  can 
collapse  before  the  air  was  withdrawn?  Origi- 
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nally  there  was  air  inside  the  can,  and,  since 
air  pressure  is  exerted  in  all  directions,  the  air 
inside-  exerted  an  outward  pressure  which 
balanced  the  inward  pressure.  The  balancing 
of  pressures  in  the  open  vessel  is  shown  in 


Fig.  5—2.  A gallon  can  crushed  by  atmospheric 
pressure. 

Fig.  5-3.  As  the  air  was  removed  the  pressure 
inside  diminished.  As  a result  the  pressure  of 
the  atmosphere  exceeded  the  pressure  inside 
the  can  and  was  able  to  crush  it. 

Measuring  Air  Pressure.  Everything  on  the 
earth  is  affected  by  air  pressure;  nothing  can 


Fig.  5—3.  The  pressure  inside  a bottle  is  the  same  as 
the  pressure  outside. 

escape  it,  except  when  a special  device  is 
designed  to  control  it.  Engineers,  physicists, 
chemists,  meteorologists,  geologists  are  all  in- 
terested in  the  amount  of  pressure  exerted  by 
the  air.  Air  pressure  can  be  measured  in  sev- 
eral ways.  Probably  the  simplest  way  is  to 


balance  a column  of  air  extending  from  the 
surface  of  the  earth  to  the  limit  of  the  atmos- 
phere (a  distance  of  several  hundred  miles) 
against  a eolumn  of  liquid  as  shown  in  Fig. 
5-4.  If  the  balancing  liquid  is  water,  the  water 
column  is  34  feet  high.  We  can  say,  there- 
fore, that  the  pressure  of  the  atmosphere  is 
balanced  by  the  pressure  of  a 34-foot  column 
or wateV.  But  a column  of  water  of  this  length 
eannot  conveniently  fit  into  a measuring  in- 
strument. By  using  a liquid  that  is  heavier 
than  water,  we  ean  make  the  liquid  column 


Fig.  5—4.  A water  column  34  feet  tall  balances  an 
air  column  which  extends  to  the  limits  of  the 
atmosphere. 

shorter.  Mercury  is  13.6  times  as  heavy  as 
water;  therefore,  a column  of  mercury  will  be 
only  one-fourteenth  as  high  as  a column  of 
water.  By  caleulation  we  would  expeet  the 

mereury  column  to  be  or  2.5  feet,  or  30 

inehes.  We  ean  cheek  this  result  experimen- 
tally by  an  instrument  known  as  a mercury 
barometer. 

Demonstration  5-3.  To  Make  a Mercury  Barometer. 

Take  a barometer  tube  (which  is  a glass  tube 
sealed  at  one  end  and  about  one  yard  long  and 
half  an  inch  in  diameter)  and  fill  it  with  mercury. 
Close  the  open  end  with  the  finger,  invert  the 
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tube,  and  place  the  open  end  well  below  the 
surface  of  mercury  in  a bowl  or  beaker.  Now 
remove  the  finger. 

Notice  that  the  mercury  falls  at  once  so  that 
it  no  longer  fills  the  tube.  Measure  the  height 
of  the  mercury  column  from  the  surface  of  the 
mercury  *^0  the  top  of  the  column.  It  will  prob- 
ably be  a little  more  than  29  inches.  Tilt  the 
tube  as  shown  in  Fig.  5-5. 

Notice  that  the  mercury  level  remains  at 
the  same  height,  29  or  30  inches  above  the  out- 
side surface.  The  space  above  the  mercury 
level  is  diminished,  however,  and  it  may  dis- 
appear altogether  if  the  tube  is  sloped  suf- 


fieiently.  This  proves  that  the  space  eontains 
no  air;  it  is  empty.  Such  a space  is  known  as 
a vacuum. 

^The  weight  of  the  mercury  tries  to  force  the 
mereury  down  the  tube;  the  weight  of  the  air 
column  exerted  on  the  surface  of  the  mer- 
cury in  the  beaker  tries  to  force  mercury  up 
the  tube.  The  mercury  level  remains  constant 
because  these  two  forces  balance  each  other. 
Hence  we  can  say  that  the  pressure  of  the  at- 
mosphere is  equal  to  the  pressure  of  a column 
of  mercury  about  30  inches  tall.  In  other 
words,  we  usually  express  air  pressure  in  terms 
of  mercury  pressure. 

Another  way  of  measuring  pressure,  and  one 
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that  we  shall  frequently  use  in  this  book,  is 
to  calculate  the  pressure  exerted  on  every 
square  inch  of  surface.  If  the  area  (that  is, 
the  area  of  a cross-sectional  surface)  of  the  ba- 
rometer tube  happened  to  be  1 square  inch 
and  the  height  of  the  column  30  inches,  the 
total  weight  of  the  mercury  in  the  tube  would 
be  nearly  15  pounds.  Thus  a column  of  mer- 
cury 30  inches  tall  exerts  a _ 

pressure  of  15  pounds  per 
square  inch;  therefore  tJjji 
pressure  of  the  atmosphere 
is  approximately  15  pounds 

per  square  inch. 

The  pressure  of  the  air 
does  not,  of  course,  remain 
constant  day  after  day.  For 
this  reason,  the  height  of 
the  mercury  column  is  con- 
stantly changing.  A rising 
barometer  may  indicate  fair 
weather,  and  a falling  ba- 
rometer may  indicate  an  ap- 
proaching storm.  The  rela- 
tionship between  barometric 
pressure  and  weather  is  dis- 
cussed in  Chapter  20. 

Air  Pressure  Changes  with 

Elevation.  Since  air  is  easily 
compressed,  it  is  densest  at 
the  earth’s  surface;  it  gets 
progressively  thinner  as  it 
rises  above  the  surface.  At 
a height  of  about  3V2  miles 
the  pressure  of  the  air  is  just 
about  half  the  pressure  at 
the  surface.  This  means  that 
if  you  take  a deep  breath  at 
this  altitude,  only  half  as 
much  air  passes  into  your  lungs  as  at  sea  level, 
and  in  order  to  inhale  the  necessary  amount  of 
oxygen,  you  will  have  to  breathe  twice  as  fast. 
At  still  higher  altitudes,  breathing  would  be- 
come a difficult  and  tiring  operation,  until 
eventually  there  would  not  be  enough  oxygen 
to  support  life.  That  is  why  aviators  traveling 
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Fig.  5—6.  An  accu- 
rate barometer. 


at  high  altitudes  wear  oxygen  masks  or  fly 
planes  with  pressurized  cabins. 

Mountain  climbers  know  that  the  air 
changes  as  they  ascend  and  that  it  takes  some 
time  to  get  accustomed  to  breathing  thin  air. 
Mount  Everest,  in  the  Himalayas  north  of 
India,  which  is  SVi  miles  (29,000  feet)  above 
sea  level,  has  thus  far  defied  man’s  attempts 
to  reach  the  highest  peak  on  the  earth.  The 
medical  officer  attached  to  one  expedition  on 
Mount  Everest  reported  that  difficulty  in 
breathing  became  noticeable  at  14,000  feet. 
Above  19,000  feet  the  slightest  exertion,  even 
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Fig.  5—7.  Measuring  the  atmospheric  pressure  at  the 
top  of  Mount  Washington  (6,290  feet).  The  barom- 
eter, which  was  assembled  at  the  summit,  read  24.2 
inches  (61.5  cm.).  The  boiling  point  of  water  at 
this  pressure,  as  measured  by  the  boy  at  the  left, 
was  91  “ C.  (See  page  1 53.) 

tying  a shoestring,  caused  distress  in  breathing. 
At  27,000  feet  the  elimbers  had  to  take  eight 
or  nine  respirations  for  each  step  they  made. 
At  28,000  feet  it  took  about  an  hour  to  ascend 
80  feet,  and  the  strain  at  this  altitude  was  so 
great  that  it  was  impossible  to  proceed  further 
without  the  use  of  oxygen.  See  Fig.  5-8. 

On  Measuring  Things.  On  some  barom- 
eters the  height  of  the  mereury  can  be  read  on 
two  scales,  one  in  inches  and  the  other  in 
eentimeters.  Inches  are  units  in  the  British 
system;  centimeters  are  units  in  the  metric 
system. 
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Units  of  Length.  In  the  British  system  a 
given  length  may  be  expressed  in  various  units. 
For  instance,  a boy’s  height  may  be  6 feet,  or 
2 yards,  or  72  inches,  or  even  0.0013  mile. 
I'he  distance  between  New  York  and  Boston 
is  about  200  miles,  or  352,000  yards,  or  12,672,- 
000  inches.  The  last  figure  is  so  large  that  it  is 


THE  NATURE  OF  THINGS 

In  science  we  generally  use  another  system 
of  measurement,  the  metric  system.  Indeed, 
this  system  is  commonly  used  in  most  coun- 
tries, the  United  States  and  England  being  the 
exceptions.  The  metric  system  is  a decimal 
system.  It  is  therefore  simpler  than  the  British 
system,  which  we  use  for  everyday  purposes. 
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Fig.  5—8.  These  mountain  climbers  have  reached  an  altitude  of  10,627  feet  above  sea  level 
where,  in  order  to  get  enough  oxygen,  they  must  breathe  more  often  because  of  the  reduced 

air  pressure. 


difficult  to  imagine.  For  each  case  there  is  one 
unit  that  best  suits  the  particular  length  we 
are  measuring.  For  example,  we  say  that  the 
boy  is  6 feet  tall  and  that  the  distance  between 
New  York  and  Boston  is  200  miles. 

Selecting  the  most  convenient  unit  is  im- 
portant, but  we  must  also  be  able  to  convert 
one  unit  into  another.  For  this  purpose  we 
should  know  that: 

12  inches  = 1 foot 
3 feet  = 1 yard 
1760  yards  = 1 mile 
5280  feet  = 1 mile 


The  units  of  length  in  this  system  are: 

10  millimeters  (mm.)  = 1 centimeter  (cm.) 

100  centimeters  = 1 meter  (m.) 

1000  meters  = 1 kilometer  (km.) 

The  prefixes  milli-,  centi-,  and  kilo-  mean, 
respectively,  “one  thousandth  of,”  “one  hun- 
dredth of,”  and  “one  thousand  times,”  the 
standard,  which  in  this  case  is  the  meter. 

A millimeter  is  about  equal  to  the  thickness 
of  the  wire  of  a paper  clip;  a centimeter  is 
almost  equal  to  the  width  of  one’s  index 
fingernail;  a meter  is  a little  longer  than  a yard. 
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Since  we  shall  refer  to  both  the  British  and 
metric  systems  in  this  book,  we  must  be  able 
to  change  units  of  one  system  into  units  of 
the  other.  To  do  this,  we  should  remember 
that: 

2.54  centimeters  = 1 inch 
or  1 meter  — 39.37  inches 

Let  us  now  refer  again  to  the  height  of  the 
barometer,  usually  about  30  inches: 

30  inches  = 30  X 2.54  = 76.2  centimeters 

We  usually  say  that  the  normal  pressure  of 
the  atmosphere  is  equal  to  the  pressure  ex- 
erted by  76  cm.  of  mercury. 
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Fig.  5—9.  Comparison  of  the  yardstick  and  meter 
stick. 

Units  of  Weight.  Before  leaving  the  units 
of  measurement,  let  us  return  to  Demonstra- 
tion 5-1.  It  would  be  reasonable  to  ask. 
What  is  the  weight  of  the  air  in  the  flask? 
To  answer  this  question,  we  must  know  what 
is  meant  by  units  of  weight. 

Ordinary  weights  are  measured  in  pounds 
and  ounces,  and  large  weights  in  tons.  We 
know  that: 

16  ounces  (oz.)  = 1 pound  (lb.) 

2000  pounds  = 1 ton 

In  the  metric  system,  weights  are  expressed 
in  grams  and  kilograms.  The  units  of  weight 
are: 

1000  milligrams  (mg.)  = 1 gram  (g.) 

1000  grams  = 1 kilogram  (kg.) 

The  milligram  is  used  to  measure  very  small 
quantities,  but  the  gram  and  the  kilogram  are 
more  commonly  used.  A nickel,  for  example, 
weighs  5 grams,  a dime  2.5  grams,  and  a dollar 
bill  1 gram.  A high-school  boy  may  weigh 
from  60  to  80  kilograms. 
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Suppose  that  the  flask  containing  air 
weighed  97.30  g.  and  that  after  the  air  had 
been  removed  it  weighed  96.75  g.  It  follows 
that  the  air  in  the  flask  weighed  0.55  g.  If 
the  volume  of  the  flask  is  500  cubic  centi- 
meters (cc.),  we  could  say  that  1000  cc.  of 
air  weighs  1.10  g. 

The  important  conversion  factors  (or 
equivalents)  in  the  two  systems  of  weight  are: 

2.20  pounds  = 1 kilogram 
454  grams  = 1 pound 

The  weight  of  a substance  can  therefore  be 
expressed  in  either  unit.  Indeed,  you  may 
have  noticed  that  some  packages,  especially 
those  containing  medicines,  have  the  weight 


1 pound  “ 1 kilogram 

Fig.  5—10.  Comparison  of  the  pound  and  kilogram. 


indicated  in  both  the  metric  and  the  British 
systems. 

Let  us  now  return  to  our  discussion  of  air. 

Air  Is  a Mixture.  We  have  already  dis- 
cussed molecules  of  air.  Exactly  what  are 
molecules  of  air?  What  is  air  made  of?  Air 
is  a mixture  of  gases,  chiefly  oxygen  and  nitro- 
gen. In  air,  oxygen  is  free;  it  is  not  bound  to 
the  nitrogen.  In  the  compound  water,  oxygen 
is  not  free;  it  is  bound  to  the  hydrogen. 

Electricity  is  needed  to  break  the  bonds  be- 
tween the  hydrogen  and  oxygen  atoms  in 
water;  but  since  there  are  no  bonds  to  break 
in  the  case  of  air,  the  separation  of  oxygen  and 
nitrogen  is  much  simpler.  This  is  done  by 
cooling  the  air  until  it  becomes  liquid.  The 
liquid  is  then  warmed  slightly  so  that  the  ni- 
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trogen  is  boiled  away,  leaving  behind  liquid 
oxygen.  This  is  a common  method  of  separat- 
ing the  constituents  (parts)  of  a mixture.  For 
example,  the  constituents  of  petroleum,  such 
as  gasoline  and  kerosene,  are  simply  boiled  off 
at  different  temperatures  (see  Chapter  26). 

Chemical  Reactions  with  the  Oxygen  of 
the  Air.  Gxygen  is  a chemically  active  ele- 
ment and  takes  part  in  many  reactions.  In- 
deed, the  reactions  of  burning,  and  the  life 


processes  themselves,  could  not  take  place 
without  oxygen.  The  red  rust  of  iron  is 
formed  when  iron  reacts  with  the  oxygen  of 
the  air. 

Demonstration  5-4.  The  Rusting  of  Iron. 

Place  some  moist  steel  wool  (steel  wool  is 
about  90%  iron)  in  a flask.  Close  the  flask  with 
a stopper  in  whieh  a pieee  of  glass  tubing  at  least 
a foot  long  has  been  inserted.  Invert  the  flask 
and  support  it  so  that  the  lower  end  of  the  tube 
is  below  the  surface  of  colored  water  in  a beaker. 
The  arrangement  is  shown  in  Fig.  5-11. 

Notice  that,  as  the  iron  in  the  steel  wool  rusts. 
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the  water  rises  slowly  in  the  tube  and  continues 
to  do  so  for  several  hours.  Eventually  it  stops 
rising.  Note:  Rusting  will  take  place  much  faster 
if  the  steel  wool  is  dipped  into  dilute  acetic  acid 
before  it  is  put  into  the  flask. 

This  demonstration  should  be  observed 
carefully  because  we  shall  refer  to  it  in  later 
discussions.  Why  does  the  water  rise  in  the 
tube?  What  happens  to  the  oxygen  in  the 
flask?  Why  does  the  water  stop  rising? 

The  oxygen  combines  with  the  iron  to  form 
a solid  whieh  we  call  iron  oxide  or  rust; 

iron  + oxygen  — > iron  oxide 

Since  iron  oxide  is  a solid,  the  volume  of 
gas  in  the  flask  is  diminished  and  water  rises 
in  the  tube  to  replace  the  oxygen.  When  all 
the  oxygen  has  been  used  up,  the  water  stops 
rising.  In  other  words,  the  volume  of  the 
water  that  has  risen  into  the  tube  and  flask 
is  a measure  of  the  volume  of  the  oxygen  that 
was  originally  present  in  the  air  in  the  flask. 
If  we  measure  this  water  in  a graduate,  we  find 
that  it  equals  about  one-fifth  the  volume  of 
the  air  originally  in  the  flask.  And  so  we  con- 
clude that  about  one-fifth,  or  20  percent,  of 
air  is  oxygen. 

The  rusting  of  iron  or  steel  is  a serious  prob- 
lem. Steel  is  the  basis  of  modern  construc- 
tion; bridges,  skyscrapers,  and  automobiles  are 
made  largely  of  steel.  If  steel  were  allowed  to 
rust,  a structure  would  weaken  and  eventually 
collapse.  The  only  way  to  prevent  rusting  is 
to  protect  the  steel  from  the  oxygen  in  the 
air.  This  is  usually  done  by  painting  it.  You 
may  have  notieed  that  when  steel  girders  are 
delivered  from  the  factory,  they  already  have 
a protective  coat  of  red  paint,  called  red  lead. 
When  the  construction  is  completed,  a seeond 
coat  of  paint,  usually  of  a softer  color  such  as 
gray,  is  added  to  give  further  protection  to  the 
steel. 

Nitrogen.  What  remains  in  the  air  after  the 
oxygen  is  removed?  The  gas  is  nitrogen. 
What  are  the  chemical  properties  of  nitrogen? 
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Courtesy  Port  of  New  York  Authority 

Fig.  5—12.  The  surface  of  the  steel  bridge  is  being  painted  to  prevent  rusting  from  the  oxygen 

in  the  air. 


How  do  they  compare  with  those  of  oxygen? 

Before  answering  these  questions,  let  us 
prepare  a sample  of  nitrogen,  again  by  re- 
moving oxygen  from  the  air.  This  time,  how- 
ever, we  shall  burn  the  element  phosphorus 
to  remove  the  air.  Yellow  phosphorus  is 
poisonous  and  inflammable;  it  should  never 
be  touched  with  the  hands  and  it  should 
always  be  kept  under  water  when  not  in  use. 

Demonstration  5-5.  The  Preparation  of  Nitrogen. 

Place  a small  block  of  wood  in  a trough  con- 
taining a little  water.  With  forceps  remove  a 
piece  of  phosphorus  from  the  bottle  and  cut  off 
a piece  about  the  size  of  a small  pea.  Replace 
the  larger  piece  of  phosphorus  in  the  bottle.  Dry 
the  small  piece  of  phosphorus  on  a filter  paper 
and  place  it  on  the  wood.  Touch  the  phos- 
phorus with  the  end  of  a hot  wire  and  as  soon 
as  it  begins  to  burn  invert  a tall  beaker  over  the 
phosphorus  and  hold  it  there. 

The  phosphorus  burns  vigorously  for  a few 
seconds,  then  the  flame  goes  out.  Notice  that  a 


white  powder,  which  eventually  dissolves  in  the 
water,  is  formed.  As  the  gas  cools,  the  water 
rises  in  the  beaker.  Observe  the  height  of  the 
water  in  the  beaker  and  calculate  roughly  the 
fraction  of  air  that  remains. 


The  white  powder  is  phosphorus  rust,  or 
phosphorus  oxide.  What  has  happened  to  the 


Fig.  5—1  3.  Burning  of  phosphorus.  Why  is  the  water 
level  higher  in  the  beaker  than  in  the  trough? 
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oxygen?  The  remaining  gas  is  nitrogen,  and 
a simple  calculation  shows  that  it  occupies 
about  four-fifths,  or  80  percent,  of  air. 

What  is  the  marked  difference  between 
the  chemical  properties  of  oxygen  and  those 
of  nitrogen?  Oxygen  is  the  active  part  of  the 
air;  that  is,  it  readily  takes  part  in  chemical  re- 
actions. Nitrogen  is  the  inactive  part  of  the 
air;  it  does  not  readily  take  part  in  chemical 
reactions. 

Composition  of  Air  by  Volume.  When  air 
is  analyzed  it  is  found  to  consist  of  other  sub- 
stances besides  oxygen  and  nitrogen,  but  these 
substances  are  present  only  in  small  amounts. 
The  composition  of  dry  air,  by  volume,  is  ap- 
proximately: 

THINGS  TO 

The  atmosphere  is  held  to  the  earth  by  a force 
of  attraction. 

Atmospheric  pressure  is  equivalent  to  the  pres- 
sure of  about  30  inches  or  76  centimeters  of 
mercury,  or  about  15  pounds  per  square  inch. 

Atmospheric  pressure  decreases  as  the  distance 
above  sea  level  increases. 

The  composition  of  dry  air  is: 

Percent 


Nitrogen  78.0 

Oxygen  21.0 

Argon  and  other  gases  ...  1,0 


Oxygen  is  an  active  element;  nitrogen  is  an 
inactive  element. 
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Percent 


Nitrogen  78.0 

Oxygen  21.0 

Argon  0.94 

Carbon  dioxide  ...  0.04 

Other  gases 0.02 


That  is,  oxygen  and  nitrogen  together  make 
up  99  percent  of  the  air.  The  gas  argon,  which 
constitutes  about  1 percent,  is  chemically  in- 
active, and  it  is  relatively  unimportant.  The 
carbon  dioxide,  however,  which  is  only  4 parts 
in  10,000  parts  of  air,  is  necessary  to  the  natu- 
ral processes  upon  which  life  depends.  Here, 
then,  is  a puzzling  question:  How  can  both 
plant  and  animal  life  be  so  dependent  upon  a 
gas  that  is  present  in  so  small  a quantity? 
This  question  will  be  discussed  in  Chapter  29. 

REMEMBER  

Metric  Units  of  Length 

10  mm.  = 1 cm. 

100  cm.  = 1 m. 

1000  m.  = 1 km. 

Metric  Units  of  Weight 

1000  mg.  = 1 g. 

1000  g.  = 1 kg. 

Conversion  Factors 

2.54  cm.  = 1 in. 

1 m.  = 39.37  in. 

2.20  lb.  1 kg. 

454  g.  = 1 lb. 


QUESTIONS 


A 

1.  Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

(a)  The  atmosphere  extends  for  a distance 
of  only  40  to  80  miles  above  the  earth. 

(b)  There  is  no  atmosphere  on  the  moon. 

(c)  Atmospheric  pressure  acts  only  in  one 
direction — downward. 

( d)  The  atmosphere  will  support  a 34-foot 
column  of  mercury. 

Atmospheric  pressure  is  about  15 
pounds  per  square  inch. 


(/)  A barometer  is  an  instrument  that  in- 
dicates atmospheric  pressure. 

Air  is  a mixture  of  approximately  80 
percent  nitrogen  and  20  percent  oxy- 
gen. 

(h)y  Oxygen  is  more  active  chemically  than 
/ nitrogen. 

2.7  Explain  why  the  water  in  the  inverted  bot- 
tle shown  in  Fig.  5-11  does  not  fall  out. 

3. ^  What  is  the  reaction  between  phosphorus 

.and  oxygen? 

4.  Name  a compound  that  contains  one  of  the 
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elements:  (a)  iron;  (b)  carbon;  (c)  sulfur; 
(<f)  hydrogen. 

5.  -State  the  composition  of  air. 

6.  yin  Demonstration  5-3  the  statement  is 

made  that  the  tube  does  not  remain  filled 
with  mercury  when  the  finger  is  removed. 
Why  not? 

B 

7.  What  is  a meteor?  What  information  do 
meteors  give  concerning  the  atmosphere? 

8.  Describe  an  experiment  to  prove  that  the 
air  has  weight. 

9.  An  empty  bottle  is  opened  in  a plane  that 
is  2 miles  above  the  earth’s  surface.  The 
bottle  is  sealed  until  the  plane  makes  a 
landing;  then  it  is  opened  again. 

(a)  When  the  plane  was  2 miles  up,  did 
air  enter  or  leave  the  bottle?  Why? 

(b)  When  the  plane  was  back  on  the 

PRO  J 

1.  To  Record  Barometric  Readings  and  Weather 
Conditions.  Make  a barometer  as  explained 
in  Demonstration  5-3.  Read  the  barometer 
at  approximately  the  same  time  every  day  for 
two  or  three  weeks.  Record  on  a chart:  (d) 
the  date,  (b)  the  barometric  reading,  and 

(c)  the  kinds  of  weather,  such  as  fair,  rain, 
windy,  etc. 

At  the  end  of  that  time,  examine  the  data 
you  have  collected.  Can  you  find  any  rela- 
tionship between  the  barometric  reading  and 
the  weather?  For  example,  is  rainy  weather 
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ground,  did  air  enter  or  leave  the  bot- 
tle? Why? 

10.  The  height  of  the  mercury  column  in  ba- 
rometers having  tubes  of  different  diame- 
ters is  the  same.  Why  is  this  true? 

11.  A barometer  reads  29  inches.  Express  this 
reading  in:  (a)  centimeters;  [b)  milli- 
meters. 

12.  The  distance  from  New  York  to  Boston  is 
200  miles.  What  is  the  distance  in  kilo- 
meters? 

13.  Find  the  weight  of  a 150-pound  boy  in  kilo- 
grams. 

14. yln  the  iron-rusting  experiment  suppose  that 

the  volume  of  air  originally  in  the  flask  and 
tube  was  1,100  cc.,  and  that  the  volume  of 
water  that  rose  in  the  tube  was  220  cc. 
From  these  data  calculate  the  percentage  of 
oxygen  in  the  air.  .A  j 


associated  with  a high  or  a low  pressure?  Is 
wind  associated  with  high  or  low  pressure? 

2.  To  Convert  Measurements  into  Different 
Units 

(a)  Measure  the  length  of  this  page  in 
inches.  Using  the  conversion  factor,  cal- 
culate its  length  in  centimeters.  Check 
your  result  by  measurement  with  a ruler 
marked  off  in  centimeters. 

(b)  Measure  the  width  of  this  page  in  centi- 
meters. Calculate  the  width  in  inches, 
then  check  your  answer  by  measurement. 


WATER,  AN  IMPORTANT  COMPOUND 


If  we  were  asked  to  name  the  most  im- 
portant chemical  compound,  we  would  natu- 
rally turn  to  the  most  plentiful  one,  water. 
Water  is  used  in  enormous  quantities  in  the 
household  and  in  industry.  It  is  necessary  to 
all  forms  of  life;  all  plants  and  animals  need  it 
in  abundance.  Not  only  do  they  need  it  to 
keep  alive,  but  they  are  largely  made  up  of 
water.  About  70  percent  of  a person’s  weight 
is  water.  The  body  of  a man  weighing  150 
pounds  is  approximately  105  pounds  water. 


Vegetables  have  an  even  larger  percentage  of 
water.  A potato,  for  example,  is  about  78  per- 
cent water,  an  apple  about  85  percent,  a cab- 
bage about  90  percent,  and  a watermelon 
about  98  percent.  Some  kinds  of  sea  creatures 
consist  of  proportionately  more  water  than 
vegetables  do.  A jellyfish,  for  instance,  holds 
nearly  99  percent  water.  All  ordinary  foods 
contain  a good  deal  of  water;  milk  has  about 
87  percent. 

Air  contains  water  in  the  form  of  vapor. 


Courtesy  General  Electric  Co. 


Fig.  6—1.  Water  from  melting  snow.  With  the  spring  thaws,  water  flows  to  the  lowlands, 
producing  spectacular  falls  like  these  in  the  Yosemite  Valley,  California, 
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although  the  amount  varies  considerably  in 
different  places.  In  New  York  and  other  cities 
situated  near  the  sea  there  is  likely  to  be  a 
great  deal  of  water  vapor  in  the  air  during 
the  summer.  We  say  the  humidity  is  high. 
Clouds  consist  entirely  of  water  in  the  form 
of  tiny  droplets. 

Water  in  Industry.  Make  a list  of  half  a 
dozen  cities  or  large  towns  you  are  familiar 
with.  Is  each  of  these  towns  situated  on  a 
river?  What  purposes  does  each  river  serve? 

It  is  not  easy  to  think  of  any  sizable  town 
that  is  not  on  a river.  In  fact,  most  of  the  sites 
of  our  cities  were  selected  because  of  their 
nearness  to  a river.  Enormous  quantities  of 
running  water  are  required  by  most  industries, 
such  as  paper  making,  sugar  refining,  dyeing, 
tanning,  soap  making,  textile  manufacture, 
and  all  chemical  plants  need  large  amounts 
of  it. 

In  industry  water  is  used  as  a solvent,  for 
cleansing,  for  cooling,  for  hydraeketric  power, 
and  to  can_v^awav  waste.  In  the  selection  of 
a suitable  factory  site,  therefore,  some  atten- 
tion must  be  given  to  the  nature  of  the  water 
itself.  Some  rivers,  like  the  Mississippi  carry 
a great  deal  of  sediment,  and  their  waters  are 
hard;  that  is,  they  contain  certain  minerals  in 
solution  that  make  it  difficult  to  form  a lather 
with  soap.  Both  sediment  and  hardness  are 
objectionable  in  water.  The  sediment  can,  of 
course,  be  filtered  out  and  the  hardness  re- 
moved by  chemicals.  But  these  are  expensive 
processes  and,  wherever  possible,  it  is  an  ad- 
vantage to  select  water  that  is  soft  and  con- 
tains little  sediment. 

It  is  an  interesting  fact  that  fleece  from  Aus- 
tralia is  often  shipped  all  the  way  to  the  United 
States,  almost  halfway  round  the  world,  be- 
fore being  washed.  Sheep  can  thrive  on  land 
that  is  too  dry  for  cultivation.  From  their 
almost  rainless  habitat,  they  gather  a great 
deal  of  dust  in  their  fleece.  When  the  fleece 
is  sheared,  about  half  of  its  weight  is  dirt.  The 
first  step  in  the  manufacture  of  wool  is  a 


thorough  washing  of  the  fleece.  Australia 
is  short  of  good  water  supplies,  and  so  the 
washing  takes  place  at  the  point  of  manu- 
facture. This  is  true  also  of  wool  from  New 
Zealand  and  South  America,  which  is  trans- 
ported thousands  of  miles  before  it  is  washed 
and  prepared  for  manufacture. 

Hard  and  Soft  Water.  As  stated  above,  soap 
does  not  lather  well  in  hard  water;  therefore 
the  hardness  must  be  removed  chemically. 
Hardness  is  caused  by  compounds  of  calcium 
or  magnesium  in  solution.  The  water  in  lime- 
stone (calcium  carbonate)  districts,  for  in- 
stance, is  usually  hard. 

When  hard  water  is  shaken  with  soap,  a 
scum  or  curdy  precipitate  is  formed.  In  other 
words,  the  soap  reacts  chemically  with  the 
compounds,  causing  hardness.  Thus  the  soap 
is  not  free  to  do  its  work  of  cleansing.  The 
formation  of  scum  wastes  soap.  In  industrial 
plants  this  waste  is  very  costly.  Another  objec- 
tion to  hard  water  is  that  it  deposits  its  min- 
erals on  the  walls  and  in  the  tubes  of  boilers. 
This  rocky  lining,  or  scale  as  it  is  calledr-is-a 
poor  conductor  of  heat.  Considerable  heat 
is  theretore”losFin  boiling  the  water.  Indeed, 
it  has  been  estimated  that  a deposit  one- 
quarter  of  an  inch  thick  on  the  tubes  of  a 
boiler  will  increase  the  amount  of  fuel  used 
by  almost  50  percent.  See  Fig.  6-2. 

Water  can  be  softened  by  adding  washing 
soda,  or  sodium  carbonate,  to  it.  The  sodium 
carbonate  forms  an  insoluble  compound  with 
the  dissolved  minerals  so  that  the  hardness  is 
removed.  For  some  types  of  hardness,  lime, 
which  is  much  cheaper  than  washing  soda,  is 
commonly  used. 

Demonstration  6-1.  To  Harden  and  Soften  Water. 

Almost  fill  a test  tube  with  distilled  water. 
Add  a few  drops  of  calcium  chloride  solution  to 
harden  it.  Now  pour  half  of  the  water  into  an- 
other test  tube.  Half  fill  a third  test  tube  with 
distilled  water  and  place  the  three  test  tubes  in 
a rack. 

Pour  a little  soap  solution  into  the  tube  con- 
taining distilled  water  and  also  into  one  of  the 
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tubes  containing  hard  water.  Shake  the  tubes. 
Notice  the  formation  of  a scum  and  also  the 
small  amount  of  suds  in  the  hard  water. 

Now  soften  the  hard  water  in  the  remaining 
tube  by  adding  a little  sodium  carbonate  solu- 
tion. Filter  the  water  to  remove  the  precipitate. 
Pour  a little  soap  solution  into  the  softened 
water  and  shake.  Observe  that  there  is  consid- 
erably more  lather  than  in  the  hard  water. 

Drinking  Water.  As  human  beings,  we  re- 
quire large  quantities  of  water.  Most  of  it 
comes  from  rain  water  that  falls  on  the  land, 


THE  NATURE  OF  THINGS 

Moreover,  if  the  germs  are  in  a source  of 
public  drinking  water,  there  may  be  a serious 
outbreak  of  typhoid  throughout  the  com- 
munity. A generation  or  so  ago  typhoid  was 
common  in  the  United  States,  but  as  a result 
of  careful  examination  and  purification  of 
drinking  water  the  disease  has  almost  been 
wiped  out. 

Supplying  drinking  water  for  a large  city  is 
a major  problem  for  engineers,  bacteriologists, 
and  chemists.  The  regular  daily  requirement 


Fig.  6-2.  Scale  formation  inside  a hot-water  pipe. 


seeps  through  the  soil,  and  eventually  joins  a 
stream,  river,  or  lake  from  which  we  get  our 
drinking  water. 

As  we  shall  see  in  a later  chapter,  the  soil 
contains  a vast  number  of  microbes  and  bac- 
teria—some  harmful,  some  helpful.  Typical 
harmful  microbes  are  the  typhoid  germ  and 
the  dysentery  germ.  Both  can  live  in  water. 
If  they  are  present  in  the  water  we  drink, 
they  enter  our  intestines,  where  they  thrive 
and  multiply.  A person  with  typhoid  germs  in 
his  intestines  may  suffer  from  typhoid  fever, 
which  is  a dangerous  and  often  fatal  disease. 


of  water  is  enormous;  normally  about  one 
hundred  gallons  per  person  per  day  are  pro- 
vided. New  York  City,  for  example,  uses 
almost  one  billion  (1,000,000,000)  gallons  of 
water  per  day. 

Drinking  water  for  cities  is  collected  from 
watersheds— drainage  or  catchment  areas  in 
sparsely  populated  regions.  Every  precaution 
is  taken  to  see  that  the  water  is  not  polluted 
by  sewage,  since  sewage  is  always  a possible 
source  of  typhoid  germs.  New  York  City 
draws  water  from  four  different  watersheds  in 
the  Catskill  and  Adirondack  mountains. 
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Fig.  6—3.  New  York  City  obtains  its  water  from 
forested  watersheds. 

Water  is  drained  from  the  watersheds  and 
stored  in  reservoirs.  Reservoirs  are  artificial 
lakes  in  which  the  water  is  stored  usually  be- 
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hind  a concrete  dam  constructed  at  the  lower 
end.  During  the  spring  rains  the  maximum 
amount  of  water  is  collected  in  the  reservoir 
so  that  there  will  be  a steady  supply  of  water 
during  the  dry  season.  The  reservoir  also  helps 
to  purify  the  water,  since  organisms  and  or- 
ganic matter  in  suspension  slowly  settle  in 
its  quiet  waters. 

From  the  reservoir  the  water  is  carried,  usu- 
ally by  underground  aqueducts,  to  the  city 
filtration  plant,  where  the  real  purification 
takes  place. 

The  Purification  Process.  The  purification 
process  depends  on  the  nature  of  the  raw 
water  obtained  from  the  reservoir.  When  the 
operation  is  complete,  the  water  should  be 
clear,  soft,  free  from  objectionable  odor  and 
taste,  and  free  from  harmful  bacteria.  Puri- 


Courtesy  City  of  New  York,  Department  of  Water  Supply 


Fig.  6—4.  Croton  Dam  forms  one  of  the  reservoirs  supplying  New  York  City  with  drinking 
water.  In  the  rainy  season  the  reservoir  overflows  and  the  excess  water  is  discharged  over  the 
weir  on  the  left  of  the  picture. 
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''fying  water  involves  five  different  treatments. 
These  are:  (1)  sedimentation,  (2)  filtration, 
(3)  aeration,  (4)  lime-soda  treatment,  and 
(5)  chlorination. 

■(  a In  the  sedimentation  process  the  raw  water 
Is  run  into  concrete  basins  about  1 5 feet  deep. 
Alum  is  then  added  to  the  water.  It  reacts 


water  from.^- 
scolimenta+lon 
basin 

coarse*-*- 

sand 

coarse*— ► 
gravel 


filtered 

water 


Fig.  6—5.  A unit  in  the  filter  plant.  Filtration  is 
part  of  the  purification  process  of  drinking  water. 


chemically  with  the  water  to  form  a jellylike 
mass  which  slowly  settles  and  carries  most  of 
the  mud  and  bacteria  to  the  bottom  of  the 


Demonstration  6-2.  Sedimentation. 

Almost  fill  two  glass  cylinders  (hydrometer 
jars)  with  water.  Add  a little  ammonium  hy- 
droxide to  each  jar  so  that  the  water  is  slightly 
alkaline  by  the  litmus  test  (that  is,  until  red  lit- 
mus paper  dipped  into  it  turns  blue) . Add  some 
fine  sand,  dirt,  and  powdered  clay  (kaolin)  to 
both  jars,  and  stir.  Into  one  of  the  jars  pour 
about  20  cc.  of  a solution  of  aluminum  sulfate. 
Allow  the  jars  to  remain  undisturbed  overnight. 
Notice  that  the  sediment  in  the  jar  with  alumi- 
num sulfate  has  been  carried  to  the  bottom  by 
the  formation  of  a jellylike  substance. 

Filtration  is  performed  in  a filter  plant  con- 
sisting of  a number  of  units  similar  to  the 
unit  shown  in  the  diagram.  It  eontains  fine 
sand  at  the  top,  then  eoarser  sand  below,  and 
gravel  at  the  bottom,  to  a total  depth  of  about 
three  feet. 

Water  from  the  basin  runs  in  at  the  top. 
The  sand  is  an  effeetive  filter  so  that  the  water 
whieh  escapes  at  the  bottom  is  freed  from  all 
sediment  and  most  of  the  baeteria.  It  is  im- 


basin. The  basin  is  thoroughly  cleaned  about 
onee  a month  to  remove  this  deposit.  After 
standing  for  two  or  three  hours  in  the  sedi- 
mentation basin,  the  water  is  run  to  the  filter 
plant. 


portant  to  keep  the  filters  elean,  and  they  are 
usually  cleaned  every  day.  To  elean  them, 
water  is  foreed  in  at  the  bottom,  and  the  wash 
water  escapes  at  the  top  and  is  rejected. 

^ Aeration  is  the  third  step  in  the  purification 


Courtesy  City  of  New  York,  Department  of  Water  Supply 


Fig.  6—6.  The  Ashokan  aerator  which  purifies  the  New  York  City  drinking  water.  Jets  of 
water  are  thrown  into  the  air  from  about  sixteen  hundred  nozzles.  In  this  way  impurities  are 
oxidized  so  that  objectionable  tastes  and  odors  are  removed  from  the  drinking  water. 
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of  water.  The  water  is  cascaded  over  an  arti- 
ficial waterfall  or  thrown  into  the  air  through 
jets.  In  this  way  the  water  is  exposed  to  sun- 
light and  air  to  remove  any  offensive  odors 
or  tastes. 

The  lime-aoda  treatment  follows.  After  the 
water  has  been  analyzed  to  determine  the 
hardness,  lime  and  soda  are  added  as  necessa-ry 
to  soften  the  water. 

The  final  operation  in  purifying  water  is 
^chlorination.  This  is  a process  of  bubbling 
chlorine  gas  through  the  filtered  water.  As 
stated  in  Chapter  3,  chlorine  is  a poisonous 
gas.  Only  a small  amount  is  used — enough  to 
kill  any  remaining  bacteria  but  not  enough  to 
be  harmful  to  human  beings.  After  this,  the 
water  is  free  from  contamination  and  fit  to 
drink. 

Although  the  five  steps  in  the  treatment  of 
water  are  called  a purification  process,  they  do 
not  result  in  pure  water,  but  rather  in  safe, 
drinkable  water.  By  pure  water,  we  mean 
water  containing  no  substances  in  solution. 
Drinking  water  contains  much  soluble  ma- 
terial. Indeed,  these  harmless  substances  in 
water  make  it  palatable.  To  obtain  pure 
water,  all  dissolved  solid  impurities  must  be 
removed  by  a process  known  as  distillation. 

Distillation.  If  a solution  is  boiled,  water 
vapor  escapes  and  the  solid  impurities  are  left 
behind.  If  the  water  vapor  is  sent  through  a 
condenser  (which  is  a tube  surrounded  by  a 
cold-water  jacket),  the  vapor  is  converted  back 
to  water — pure  distilled  water. 

Demonstration  6-3.  Distillation  of  Sea  Water.* 

The  distillation  apparatus  consists  of  three 
parts:  the  boiler  or  distilling  flask,  the  condenser, 
and  the  receiver.  Half  fill  the  flask  with  sea 
water  and  set  up  the  apparatus  as  shown  in  Fig. 
6-7.  Boil  the  water  and  collect  some  of  the  con- 
densed vapor.  Taste  the  distilled  water.  It  has 
no  flavor  because  it  contains  no  dissolved  solids. 

Pollution  of  Water.  Ever  since  the  first 
towns  were  established,  it  has  been  common 
practice  to  dump  sewage  into  streams.  So 

* A salt  solution  can  be  substituted  for  sea  water. 


long  as  the  town  remained  small,  the  stream 
was  able  to  carry  off  the  wastes  and  to  oxidize 
them,  by  its  dissolved  oxygen,  into  harmless 
substances.  As  towns  grew  in  size  and  the 
amounts  of  wastes  increased,  this  process  of 
self-purification  became  impossible.  The  result 
was  that  the  streams  were  polluted  and  be- 
came a menace  to  public  health.  This  situa- 
tion has  also  been  aggravated  by  the  disposal 
of  wastes  from  industrial  plants  into  the 
streams. 

The  pollution  of  streams  has  now  become 
a national  problem.  Most  states  have  anti- 
pollution laws  which  limit  the  amount  of 
organic  wastes  that  may  be  discharged  into 


a stream.  But  such  laws  are  of  little  use  unless 
adequate  provision  is  made  for  the  treatment 
of  sewage. 

The  purpose  of  sewage  treatment  is  to  re- 
move sufficient  impurities  to  render  the  water 
harmless.  The  most  common  type  of  purifica- 
tion plant  is  one  in  which  the  solids  are 
filtered  and  treated  with  a sludge  contain- 
ing bacteria.  The  bacteria  oxidize  the  organic 
matter  into  nitrates,  which  can  then  be  used 
as  fertilizer.  One  such  plant  for  treating  sew- 
age is  shown  in  Fig.  6-8. 

Relatively  few  cities  provide  enough  plants 
for  the  treatment  of  all  the  sewage,  and  some 
sewage  is  still  dumped  into  a nearby  body  of 
water.  This  practice  has  serious  results.  The 
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water  is  made  unfit  for  swimming;  land  in  the 
vieinity  of  the  water  becomes  undesirable;  fish 
life  in  the  streams  is  often  destroyed;  and  an 
epidemic  of  typhoid  fever  is  a possibility.  It 
has  been  estimated  that  in  the  United  States 
the  damage  caused  by  the  pollution  of  streams 
amounts  to  $100,000,000  a year. 


Water  Conservation.  It  is  apparent  that  the 
health  of  a community,  its  dP■V■elQpm£sn%--a^yl 

even  its 


of  clean  water.  Water  is  one  of  the  nation’s 
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ground  is  absorbed  by  the  roots  of  plants;  the 
rest  flows  underground  to  feed  the  streams.  A 
watershed  is  therefore  a vast  natural  reservoir 
that  collects  rain  water  and  insures  a steady 
and  abundant  supply  of  water.  If  watersheds 
are  damaged  by  fire,  by  careless  or  excessive 
cutting  of  timber,  or  by  overgrazing,  our  water 
supplies  will  be  impaired.  In  addition  to 
storing  water,  watersheds  are  useful  for  hunt- 
ing and  fishing,  for  the  grazing  of  livestock, 
and  as  a source  of  timber. 

In  the  past  our  natural  water  resources  have 
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Fig.  6—8.  Tallmans  Island  Sewage  Plant,  one  of  the  New  York  City  sewage  plants.  It  treats 
about  22  million  gallons  daily. 


important  natural  resources,  and  its  conserva- 
tion is  now  recognized  as  a national  problem. 

The  best  way  to  conserve  water  is  to  start 
where  the  rain  falls  on  the  ground,  that  is,  on 
the  watershed  from  which  a stream  gets  its 
water  supply.  The  watershed  ought  to  be 
liberally  covered  with  trees,  shrubs,  and  grass. 
The  plant  growth  holds  the  water;  it  prevents 
the  rain  from  running  rapidly  over  the  surface 
and  washing  away  the  valuable  topsoil;  it 
helps  the  water  to  sink  into  the  ground. 

Some  of  the  water  that  seeps  into  the 


been  abused.  Inland  fisheries,  which  can  pro- 
vide a much  higher  yield  of  the  nation’s  food 
supply,  have  declined.  The  reasons  for  this  are 
overfishing,  the  blocking  of  streams  by  dams, 
the  washing  of  land  into  lakes  and  rivers,  and 
the  pollution  by  sewage  and  industrial  wastes. 

The  Composition  of  Water.  In  Chapter  3 
we  stated  that  water  is  a compound  of  hydro- 
gen  and  oxygen,  and  that  the  bonds  which 
hold  the^  elements  together  are  exceedingly 

strong  and  difficult  to  break  by  rhemieal- 
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means.  The  bonds  ean  be  broken  rather 
easily,  however,  by  an  eleetric  eurrent.  pro- 
vided a little  siilfnrie  aeid  is  added  to  the 
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Fig.  6—9.  A watershed  with  good  plant  cover  acts 
like  a blotter,  soaking  up  water  and  preventing  the 
erosion  of  top  soil. 

^^^ater  to  make  it  a eonduetor.  The  apparatus 
needed  for  this  experiment  is  shown  in  Fig. 
6-10. 

Demonstration  6-4.  The  Decomposition  of  Water. 

Solder  small  pieces  of  platinum  foil  to  the 
ends  of  two  copper  wires.  Bend  the  wires  into  a 
beaker  as  shown  in  the  figure.  Pour  dilute  sul- 
furic acid  into  the  beaker  until  the  platinum  ter- 
minals are  covered.  Fill  two  test  tubes  with 
water;  invert  them,  placing  the  open  ends  under 
the  water  in  the  beaker,  and  support  them  over 
the  terminals.  Attach  the  wires  to  a source  of 
direct  current  supplying  about  8 volts. 

Bubbles  of  gas  appear  on  each  of  the  terminals 
and  are  collected  in  the  test  tubes.  Notice  that 
one  tube  contains  twice  as  much  gas  as  the 
other.  When  this  tube  is  about  three-quarters 
full  of  gas,  break  the  current.  We  will  now  pro- 
ceed to  test  these  gases  for  hydrogen  and  oxygen. 

Hydrogen  burns,  and  the  burning  makes  a 
satTsracfSTyTesFTor  the  gas.  With  the  thumb 
close  the  tube  containing  the  greater  volume  of 
gas.  Withdraw  the  tube  from  the  beaker,  hold 
the  tube  erect,  and  remove  the  thumb.  Now, 
holding  the  tube  with  clamps,  place  the  open 
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end  near  the  Bunsen  flame.  Notice  that  the  gas 
burns;  therefore  it  is  hydrogen. 

Oxygen  gus  reh'g/its_^  g/owing  splint  but  does 
not  burn.  WTtKTraw  the  other  tube  in  the  same 
manner.  Plunge  a glowing  wooden  splint  into 
the  gas  and  notice  that  the  splint  burns.  This 
test  proves  that  the  gas  is  oxygen. 

It  follows  that  water  can  be  decomposed 
into  hydrogen  and  oxygen,  the  volume  of  hy- 
drogen being  twice  the  volume  of  oxygen. 


Fig.  6—10.  Decomposition  of  water  by  electricity. 

THE  SEAS 

Distillation  in  Nature.  Thus  far  we  have 
barely  mentioned  such  enormous  reservoirs  of 
water  as  the  seas  or  oceans.  Water  covers  al- 
most three-quarters  of  the  earth’s  surface.  If 
it  were  evenly  distributed,  it  would  cover  the 
whole  earth  to  a depth  of  two  miles.  How 
does  the  water  get  from  the  sea  to  the  land? 
This  process  is  part  of  a natural  circulation 
system— a distillation  system  on  a large  scale. 

When  the  sun  warms  the  surface  waters  of 
the  seas,  evaporation  takes  place  and  water 
vapor  rises  into  the  air.  The  vapor  is  carried 
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away  by  winds.  At  high  altitudes  some  of  it 
partly  eondenses  to  tiny  droplets,  forming 
elouds.  If  the  elouds  are  cooled,  the  droplets 
condense  to  form  rain.  The  process  will  be 
discussed  in  Chapter  19. 

The  rain  that  falls  on  land  washes  over  rocks 
and  soil.  In  so  doing,  as  you  know,  it  dis- 
solves some  of  the  soluble  ingredients.  Most 
of  the  water  on  the  land  drains  into  brooks 
and  streams;  these,  in  turn,  become  tributaries 
or  larger  rivers,  which  empty  into  the  sea. 
Notice,  however,  that  the  rivers  are  not  pure 
water;  they  contain  substances  in  solution  and 
in  suspension.  The  sun’s  heat  evaporates  only 
the  water.  We  would  therefore  expect  that 
the  sea  is  becoming  more  and  more  concen- 
trated with  dissolved  material.  A change  in 
the  concentration  of  sea  water  is,  of  course,  a 
slow  process,  and  it  would\take  at  least  a 
million  years  to  show  a mark^  increase.  At 
the  present  time,  however,  the  solids  in  solu- 
tion amount  to  about  Wi  percent  by  weight. 
In  other  words,  if  100  pounds  of  sea  water  are 
completely  evaporated,  the  solid  residue  will 
weigh  about  Wi  pounds.  You  can  check  this 
figure  by  evaporating  a large  sample  of  sea 
water  if  it  is  available. 

Different-  Kinds  of  Natural  Water.  It  is 

now  clear  that  we  can  separate  natural  waters 
into  three  groups : ( 1 ) rain  water.  ( 2 ) ground 
or  surface  waters,  and  (3)  sea  water. 

(J)  Rain  water  is  the  purest  of  the  natural  waters 
since  it  is  simply  condensed  water  vapor.  It  is 
not  a convenient  source  of  drinking  water,  yet 
it  is  used  in  places  like  Bermuda  where  there 
is  no  other  source  of  fresh,  or  drinkable,  water. 
There  the  rain  water  is  collected  on  the  flat 
white  roofs  which  are  designed  for  the  pur- 
pose. Because  rain  water  is  soft,  it  would  be 
suitable  for  factory  use,  but  it  is  not  practical 
to  collect  and  store  it  in  sufficient  quantities. 

^ Surface  waters  are  fresh  waters  and  include 
streams  and  lakes.  The  amount  of  solid  they 
have  in  solution  depends  on  the  kind  of  soils 
and  rocks  over  which  they  flow.  If  a river  flows 
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over  granite,  which  is  an  almost  insoluble 
rock,  the  water  contains  relatively  little  dis 
solved  solid.  As  a rule,  however,  river  water 
contains  a large  number  of  elements  (in  the 
form  of  compounds)  in  solution.  The  most 
common  of  these  elements  is  calcium. 

^ Sea  water  receives  the  dissolved  solids  from 
surface  waters,  and  its  disagreeable  taste  is  due 
to  these  substances  in  solution.  The  elements 
that  are  fairly  plentiful  in  sea  water  are 
potassium,  magnesium,  calcium,  sulfur,  phos- 
phorus, and  bromine— all,  of  course,  in  com- 
pounds. By  far  the  most  abundant  element, 
however,  is  sodium,  which  is  present  in  the 
form  of  sodium  chloride,  or  salt. 

Here  is  an  interesting  paradox.  The  most 
abundant  element  in  surface  waters  is  calcium: 

surface  waters  run  into  the  sea;  yet  the  most 
abundant  element  in  sea  water  is  sodium. 
These  are  facts  that  cannot  be  denied,  but 
they  do  not  seem  to  make  sense.  How  do  we 
account  for  the  apparent  disappearance  of 
calcium  in  sea  water? 

Sea  Animals  Remove  Calcium  from  Sea 
Water.  Many  small  animals  that  live  in  the 
sea  protect  themselver  against  fish  by  growing 
hard  shells  of  lime,  or  calcium  carbonate.  In 
this  way  enormous  quantities  of  calcium  are 
constantly  bein>g  used  up  by  hard-shelled  ani- 
mals that  live  on  the  sea  bottom.  Indeed, 
geologists  have  calculated  that  about  1,400,000 
tons  of  calcium  are  removed  in  this  way  every 
year.  The  chalk  in  the  white  cliffs  of  Dover 
are  composed  largely  of  the  shells  of  micro- 
scopic animals  that  once  lived  in  the  sea.  The 
formation  of  rocks  from  these  once-living  crea- 
tures will  be  discussed  further  in  Chapter  11. 

We  must  not  think,  however,  that  calcium 
is  the  only  substance  removed  from  sea  water. 
The  mineral  sjiyca.  which  occurs  in  sand  and 
is  known  as  quartz,  is  removed  by  microscopic 
plants  called  diatoms,  which  float  on  the  sur- 
face of  the  sea.  We  shall  tell  more  about 
diatoms  in  Chapter  26.  At  this  point  we  shall 
merely  state  that  they  are  the  basic  food  of 
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fish  in  the  sea.  'I’hey  build  exquisitely  shaped  made  a great  drain  upon  them.  Already  there 

skeletons  of  silica  that  support  their  softer  is  a world  shortage  of  copper,  tin,  lead,  and 

parts.  Fig.  6-11  shows  a group  of  diatoms  tungsten.  Minerals  cannot  be  renewed  like 

that  ha\'e  been  magnified  about  a hundred  things  that  grow,  such  as  trees,  for  instance, 

times  and  photographed.  Some  day  chemists  will  have  to  turn  to  the  sea 

for  the  metals  that  are  needed. 


Ward’s  Natural  Science  Establishment,  Inc, 
Fig.  6—1  1 . Diatoms. 


The  Sea  as  a Storehouse.  The  sea  is  a store- 
house for  everything  washed  from  the  land. 
Consequently  sea  water  contains  practically 
every  known  element  in  one  compound  or 
another.  Some  elements  are  much  more  plen- 
tiful than  others,  but  all  the  elements  are 
present.  One  cubic  mile  of  sea  water  contains, 
in  addition  to  many  other  substances,  all  of 
the  following  in  the  form  of  compounds; 


Tons 

Sodium  40,000,000 

Magnesium  5,500,000 

Calcium  1,700,000 

Potassium  1,600,000 

Bromine 270,000 


What  is  the  value  of  these  substances  in 
the  sea?  Can  they  be  recovered  so  that  we  can 
use  them?  The  world’s  minerals  are  being 
used  up  rapidly.  World  War  II  in  particular 


Salt,  of  course,  has  been  obtained  by  the 
evaporation  of  sea  water  since  earliest  times. 
Today  salt  is  needed  in  many  industries,  but 
in  most  countries  it  is  easier  to  mine  the  salt 
from  deposits  in  the  earth  than  to  evaporate 
it  from  sea  water.  Salt  deposits  are  the  re- 
mains of  inland  seas  that  dried  up  ages  ago. 
They  are  found  in  many  of  the  states,  particu- 
larly in  New  York,  where  salt  is  plentiful  fairly 
near  the  surface. 

The  element  bromine  was  the  first  of  the 
scarce  elements  to  be  extracted  from  sea  water. 
Bromine  is  needed  in  the  antiknock  liquid 
that  is  added  to  gasoline.  At  one  time  the  only 
large  mineral  source  of  bromine  was  owned 
by  the  Germans,  who  charged  a very  high 
price  for  it.  Shortly  after  World  War  I bro- 
mine was  extracted  from  sea  water.  Today  sea 
water  is  the  source  of  praetically  all  the  bro- 
mine used  in  the  United  States.  About  one 
pound  of  bromine  is  obtained  from  4,000 
gallons  of  sea  water.  This  means  that  to  pro- 
duce five  tons  of  bromine  a day,  40,000,000 
gallons  of  sea  water  must  be  treated.  This  is 
a major  engineering  problem  and  indicates 
only  one  of  the  difficulties  involved  in  extract- 
ing substances  from  sea  water. 

The  only  other  element  so  far  obtained 
from  sea  water  is  magnesium.  The  need  for 
magnesium  in  airplane  construction  in  World 
War  II  prompted  the  building  of  a plant  for 
extracting  this  element  from  sea  water.  Sea 
water  contains  about  1 part  magnesium  in  800 
parts  water.  From  one  ton  of  sea  water,  there- 
fore, about  2^  pounds  of  magnesium  can  be 
obtained. 

These  two  processes  point  the  way  to  future 
industries.  Extraction  of  substances  from  the 
sea  is  an  expensive  operation,  because  power- 
ful pumps  are  needed  to  force  vast  quantities 
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of  water  through  the  faetory  from  whieh  rela- 
tively little  of  the  element  is  obtained.  Never- 
theless, as  metals  become  scarcer  and  prices 
rise,  the  extraction  method  will  be  able  to 
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compete  with  the  present  industrial  processes, 
which  usually  consist  of  mining  the  ore — often 
far  below  the  surfaee— and  then  obtaining  the 
metal  in  a blast-furnace  operation. 


THINGS  TO 


REMEMBER 


Water  is  present  in  all  foods;  it  is  needed  in 
the  life  proeesses,  and  is  required  in  most  in- 
dustries. 

The  following  proeesses  are  usually  neeessary 
to  eonvert  raw  water  into  drinking  water:  (1) 
sedimentation,  (2)  filtration,  (3)  aeration,  (4) 
lime-soda  treatment,  (5)  ehlorination. 

Hard  water  is  eaused  by  ealcium  or  inagne-. 
Slum  salts  in  solution;  they  ean  be  removed  by 
lime  or  washing^  ^da. 

Water  pollution  is  caused  by  sewage  and  in- 
dustrial wastes.  Polluted  water  can  be  rendered 
harmless  in  purification  plants. 

Water  is  an  important  natural  resource.  The 
nation’s  health  and  prosperity  depend  on  water 
conservation. 


Distillation  involves  boiling  the  solution  and 
condensing  the  vapor. 

Water  can  be  decomposed  to  give  two  vol- 
urnesjaLKydrogg^^nd  one  volume  of(oxypm 

Sea  water  consists  of  about  3^  percent  solids 
in  solution. 

Natural  waters  may  be  classified  as:  (1)  rain 
water,  (2)  surface  waters,  (3)  seawater. 

Calcium  is  the  most  abundant  element  in  sur- 
face waters;  sodium  is  the  most  abundant  ele- 
ment in  sea  water. 

Sea  water  is  a great  storehouse  of  minerals.  At 
present,  however,  only  sodium  chloride,  bromine, 
and  magnesium  are  obtained  from  it.  ^ 


QUESTIONS 


A 

1 . State  some  of  the  effects  of  water  pollution. 

2.  Describe  at  least  three  uses  for  water  in  in- 
dustrial processes. 

3.  What  is:  (a)  hard  water;  (b)  soft  water? 

4.  Explain  how  typhoid  germs  can  get  into 
river  water. 

5.  What  is  the  most  effective  way  of  destroy- 
ing harmful  bacteria  in  drinking  water? 

/6.  What  is  meant  by  the  term  distillation? 

7.  (a)  How  would  you  classify  natural  waters? 
(b)  Which  type  contains  the  most  solids 

/ in  solution,  and  which  the  least? 

8.  What  are  diatoms? 


B 

f9.  (a)  Discuss  two  objectionable  features  of 
- hard  water. 

(b)  How  can  hard  water  be  softened? 

1^.  Explain  how  water  should  be  treated  before 
it  is  fit  for  drinking. 

1 1 . Describe  an  experiment  by  which  you  could 
prove  that  water  is  a compound  of  hydro- 
gen and  oxygen. 

12.  Sea  water  contains  a smaller  proportion  of 
calcium  than  river  water.  Why? 

13.  (a)  What  elements  are  obtained  from  sea 

water  and  why? 

(b)  Explain  two  difficulties  involved  in  ex- 
tracting substances  from  sea  water. 

14.  What  is  meant  by  water  conservation? 
^ Why  is  it  necessary? 


PROJECTS 


1.  Visiting  a City  Water  Purification  Plant.  A 
visit  to  the  local  municipal  purification  plant 
is  worth  while.  Find  out  the  location  of  the 
watershed  and  how  the  water  is  brought  from 
it  to  the  plant.  Examine  the  different  purify- 
ing processes  in  order.  Notice  how  the  drink- 
ing water  is  stored  and  protected  before  it  is 
piped  to  the  city. 


Finally,  notice  how  the  water  is  pumped 
into  the  standpipe,  and  observe  that  the  wa- 
ter level  in  the  standpipe  is  high  enough  to 
cause  sufficient  pressure  at  the  faucets  in  the 
city  houses. 

Make  a written  report  of  the  visit;  litera- 
ture is  often  supplied  at  the  plants  that  would 
help  you  in  preparing  it. 


WATER,  AN  IMPORTANT  COMPOUND 


2.  Investigating  Your  Local  Sewage  System.  Are 
the  sewage  and  industrial  wastes  dumped  into 
a river  in  your  community?  Is  the  current 
strong  enough  to  carry  the  refuse  away?  If 
you  have  a local  purification  plant,  visit  it. 
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How  are  the  solids  disposed  of?  Where  does 
the  clean  water  join  the  riveir? 

Your  municipal  engineer  will  probably  be 
glad  to  help  you  with  this  project. 


WATER  FOR  MACHINES 


Chapter  7^ 


Water  serves  man  in  many  ways.  In  addi-, 
tion  to  supporting  life,  it  supplies  steam  to  run 
locomotives  and  to  heat  houses;  it  turns  water 
wheels  and  electric  generators,  thereby  pro- 
viding two  sources  of  power;  it  irrigates  desert 
regions,  making  land  fertile  and  increasing 
enormously  the  productive  capacity  of  the 
earth.  To  achieve  these  purposes,  man  has 
found  ways  to  put  water  to  work.  He  has  built 
ships  that  developed  commerce  between  na- 
tions; he  has  invented  turbines  so  that  water 
power  has  replaced  manpower  and  horsepower 
in  the  operation  of  many  machines. 

In  this  chapter  we  are  concerned  with  the 
use  of  water  and  other  liquids  in  machines 
that  aid  man  in  doing  his  daily  work.  What 
are  these  machines  and  how  do  they  work?  To 
answer  these  questions,  we  must  first  examine 
some  of  the  properties  of  water. 

Water  Exerts  a Pressure.  The  molecules  of 
water  slide  past  one  another  so  easily  that 
water  cannot  maintain  a shape.  In  other 
words,  water  must  be  held  in  a container. 
Water  pushes  against  its  container  with  con- 
siderable pressure.  Thus  water  in  a tank 
on  top  of  a building  can  supply  pressure 
to  all  the  faucets  in  the  building.  The  faucets 
in  the  basement  have  the  greatest  pressure 
because  they  are  the  farthest  below  the  water 
level  in  the  tank,  and  any  faucet  higher  than 
the  tank  will  have  no  pressure  at  all.  In  fact, 
the  water  will  not  even  rise  to  the  level  of  the 
faucet  (see  Fig.  7-1). 

The  increase  of  pressure  with  depth  makes 


it  difficult  for  man  to  go  very  far  below  the 
surface  of  the  ocean.  A professional  deep-sea 
diver  in  a special  suit  can  go  down  300  feet. 
William  Beebe,  using  a steel  ball,  reached  a 
depth  of  3,000  feet.  In  1949  Otis  Barton,  a 
colleague  of  Beebe’s,  reached  a depth  of  4,500 
feet.  At  this  depth  in  the  ocean  the  pressure 


Fig.  7—1 . A water  tank  supplies  water  to  faucets 
below  it. 

of  the  water  is  almost  2,000  pounds  per  square 
inch,  or  nearly  135  times  as  great  as  that  of 
the  atmosphere  at  sea  level.  This  tremendous 
pressure  is  exerted  equally  in  all  directions. 

Sideways  and  Upward  Pressure.  Water 
pushes  sideways  as  well  as  down.  This  fact  is 
familiar  to  anyone  who  has  tried  to  keep  water 
from  leaking  through  the  walls  of  a cellar. 
Water  also  exerts  an  upward  pressure,  as  is 
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shown  by  the  little  fountain  that  gushes  up 
through  a hole  in  the  bottom  of  a leaky  row- 
boat. Thus  water  is  much  more  difhcult  to 
confine  than,  say,  a stack  of  books,  which  need 
be  supported  only  from  below.  Water  re- 
q uires  a container. 

Demonstration  7-1.  Direction  of  Water  Pressure. 

Fill  a gallon  tin  can  with  water  and  insert  a 
glass  tube  in  the  stopper,  as  shown  in  Fig.  7-3. 
Fill  the  tube  with  water.  Punch  a small  hole  in 
the  top  of  the  can  and  see  how  high  the  water 


Courtesy  Dr.  William  Beebe 


Fig.  7—2.  Heavy  steel  bathysphere  used  by  Dr. 
William  Beebe  to  study  ocean  life  at  a depth  of 
3,000  feet. 

will  spurt  out.  Why  does  this  experiment  indi- 
eate  that  water  exerts  an  upward  pressure? 

Now  puneh  four  holes  in  one  side  of  the  ean 
at  various  distances  from  the  top.  Deseribe  the 
differenees  in  the  streams  of  water.  Do  they  il- 
lustrate the  sideways  pressure  of  water?  Whieh 
stream  shows  the  greatest  pressure? 

Tlie  Trenche  Dam,  shown  in  Fig.  7-4,  is 
only  25  feet  thick  at  the  top.  At  the  base  it  is 
250  feet  thick  in  order  to  withstand  the  tre- 
mendous sideways  pressure  of  the  water  235 
feet  below  the  surface  of  its  reservoir.  What 
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is  the  pressure  at  the  base  in  pounds  per  square 
inch? 

Water  is  Incompressible.  In  spite  of  the 
fact  that  water  flows  easily,  it  is  almost  in- 
compressible; that  is,  it  cannot  easily  be 
squeezed  into  a smaller  volume.  In  this  it 
differs  from  air,  which  is  easily  compressed. 

Demonstration  7-2.  The  Incompressibility  of  Water. 

Plug  solidly  the  opening  at  the  bottom  of  a 
bicycle  pump.  Then  push  down  on  the  piston 
and  notice  that  the  air  inside  the  pump  can  be 
compressed  to  a small  fraction  of  its  original 
volume. 


Fig.  7—3.  Water  squirts  from  holes  in  a gallon  can. 

Now  fill  the  pump  with  water  and  insert  the 
piston  so  that  no  air  remains  below  it.  Again 
push  down  on  the  piston.  This  time  the  piston 
hardly  moves,  and  even  a blow  with  a heavy 
hammer  will  cause  little  compression. 

This  property  of  incompressibility  of  water 
can  also  be  shown  in  another  way.  Bend  a 20- 
inch  length  of  glass  tubing  into  a U-shaped  tube 
with  similar  arms.  After  the  tube  has  cooled, 
fill  it  halfway  with  water.  Observe  that  the  level 
of  the  liquid  is  the  same  in  both  arms  of  the 
tube.  Now,  with  a smoothly  fitting  piston  made 
by  wrapping  string  around  a glass  rod,  push  the 
water  in  one  side  of  the  tube  down  about  one 
inch,  as  in  Fig.  7-5.  The  water  in  the  other  arm 
rises  by  the  same  amount  so  that  the  differenee 
in  water  levels  becomes  two  inches.  Why  does 
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Fig.  7-4.  The  Trenche  Dam  on  the  St.  Maurice  River,  Quebec.  This  dam,  which  has  a capacity 
of  325,000  horsepower,  is  one  of  six  on  the  river,  making  it  one  of  the  most  fully  developed 
power  sources  in  the  world 


this  experiment  show  that  water  is  incompres- 
sible? 


Fig.  7—5.  Water  is  incompressible. 


The  same  result  may  be  obtained  by  blow- 
ing gently  into  one  arm  of  the  tube.  The 
harder  you  blow,  the  greater  the  difference  in 
water  levels.  In  fact,  the  difference  in  water 
levels  in  connected  tubes  is  frequently  used 
as  a measure  of  the  gas  pressure  applied  to  one 
of  the  surfaces.  Such  a device,  shown  in  Fig. 
7-6,  is  called  a manometer.  It  is  often  used  for 
measuring  small  pressures. 

Demonstration  7-3.  Measuring  Gas  Pressure. 

Mount  the  U-tube  manometer  near  an  inch 
scale  as  shown  in  Fig.  7-6.  Half  fill  the  tube 
with  water  to  which  a little  red  ink  has  been 
added. 

Connect  rubber  tubing  from  the  gas  outlet  in 
the  laboratory  to  one  end  of  the  manometer  and 
open  the  gas  cock  slowly.  What  is  the  difference 
in  the  water  levels?  How  much  above  atmos- 
pheric pressure  is  the  gas  pressure  in  inches  of 
water?  What  fraction  is  this  of  normal  atmos- 
pheric pressure?  What  is  this  pressure  in  pounds 
per  square  inch?  Could  this  manometer  be  used 
to  measure  the  pressure  in  the  water  faucet? 
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Fig.  7—6.  A water  manometer. 


A Bourdon  Gage.  Since  a manometer  con- 
tains an  exposed  liquid,  it  is  inconvenient  for 
general  use.  Instead,  another  instrument,  the 


Courtesy  U.S.  Gage  Co. 
Fig.  7—7.  A Bourdon  gage. 


Bourdon  gage,  shown  in  Fig.  7-7,  is  more 
commonly  used.  It  consists  of  a curved  hol- 
low tube.  When  pressure  is  applied  to  it,  the 
tube  straightens  out  and  the  end  of  the  tube 
moves  a pointer  over  a scale  thaf  indicates  the 
pressure. 

Water  Transmits  Pressure.  Water  not  only 
exerts  a pressure  because  of  its  weight,  but  it 
also  transmits  any  additional  pressure  applied 
to  it.  This  applied  pressure  is  exerted  on  all 
parts  of  the  container  holding  the  water. 

Demonstration  7-4.  Transmission  of  Pressure. 

Connect  lengths  of  pipe  and  T-connectors  to 
form  a 10-foot  length,  with  Bourdon  gages  at- 
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tached  and  a faucet  on  the  end,  as  shown  in  Fig, 
7-8.  The  gages  should  read  0 to  50  pounds  per 
square  inch,  or  enough  higher  to  measure  the 
water  pressure  in  the  laboratory  faucet.  Con- 
nect the  pipe  to  the  faucet  by  a length  of  strong 
garden  hose  and  fill  it  with  water.  Examine  the 


Fig.  7—8.  An  experimental  pressure  system. 


gages;  they  should  all  read  zero.  Then,  with  the 
outlet  faucet  closed,  open  the  laboratory  faucet 
a little  until  each  gage  shows  a reading.  Record 
these  readings.  Now  open  the  laboratory  faucet 
again  to  produce  a somewhat  higher  reading  on 
the  gages  and  record  these  readings.  How  much 
has  each  gage  reading  changed?  Have  all  the 
readings  changed  by  the  same  amount? 


Fig.  7—9.  How  Pascal  broke  open  a barrel  with  a 
pitcher  of  water. 

When  the  laboratory  faucet  is  opened,  the 
water  pressure  in  the  faucet  is  applied  to  the 
water  in  the  pipe  and  should  be  transmitted  to 
all  the  gages,  so  that  the  increase  in  reading 
should  be  the  same  for  all. 

Blaise  Pascal,  a French  scientist  who  studied 
the  transmission  of  pressure  in  liquids,  stated 
that  if  pressure  were  applied  to  water  in  a wine 
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cask,  the  cask  might  be  split  wide  open.  He 
argued  that  if  the  pressure  were  only  10 
pounds  per  square  inch,  the  surfaee  inside  the 
barrel  would  be  subject  to  this  pressure  on 
every  square  inch.  If  there  were,  say,  1,000 
square  inches  of  area  inside  the  cask,  the  total 
force  would  be  10,000  pounds,  since  the  total 
force  is  pressure  multipli^_by  the  area,  He 
performed  the  experiment  by  first  inserting  a 
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a foree  large  enough  to  shape  in  one  operation 
a sheet  of  steel  into  the  roof  of  a ear. 

The  principle  governing  the  operation  of 
such  a press  is  illustrated  in  Fig.  7-12.  Assume 
that  the  small  piston  p has  an  area  of  1 square 
inch  and  that  a force  of  10  pounds  is  applied 
to  it.  The  piston  then  exerts  a pressure  of  10 
pounds  per  square  inch  upon  the  liquid  (usu- 
ally oil)  under  it.  This  pressure  is  transmitted 


Fig.  7—10.  Laboratory  model  hydraulic  press. 


long  narrow  tube  in  the  side  of  a cask  that  was 
already  full  of  water.  Then  he  poured  water 
from  a pitcher  into  the  long  tube  as  shown  in 
Fig.  7-9.  When  the  water  reached  a height 
sufficient  to  provide  the  necessary  force,  the 
cask  did  indeed  split  at  the  seams  and  the 
water  rushed  out. 

Hydraulic _Press.  Today  we  use  this  prinei- 
ple  in  a powerful  machine  called  a hydraulic 
press.  A small  laboratory  model  of  the  press 
is  shown  in  Fig.  7-10.  The  one  shown  in  Fig. 
7-11  is  a commercial  press  capable  of  exerting 


in  all  directions  by  the  liquid.  Now  assume 
that  the  large  piston  has  an  area  of  1,000 
square  inches.  Since  it  is  subjected  to  the  pres- 
sure of  10  pounds  per  square  inch  produced 
at  p,  the  total  force  on  the  large  piston  is 
10,000  pounds. 

Such  a tremendous  force  may  be  very  useful, 
especially  since  it  can  be  easily  eontrolled  by 
the  movement  of  the  small  piston.  Many  auto- 
mobile lifts  in  service  stations  operate  on  the 
same  principle.  So  do  barbers’  chairs,  which 
usually  have  a small  hvdraulic  lift  in  the  base 
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Modern  automobiles  usually  have  hydraulic 
brakes  like  those  shown  in  Fig.  7-13.  When 
we  step  on  the  brake  pedal,  the  force  acts  on 
a master  piston  which  multiplies  that  force 
and  transmits  it  to  the  brake  piston  on  each 
wheel.  If  the  brake  pistons  ha\  e the  same  di- 
ameter, the  force  on  each  piston,  and  there- 
fore on  each  wheel,  is  the  same.  This  appli- 
cation of  a large,  steady  force  to  all  the  wheels 
is  a safe  and  sure  means  of  stopping  the  car. 

Mechanical  Advantage.  The  force  over- 
come by  a machine  is  usually  larger  than  the 


Courtesy  Wyman-Gordon  Prod.  Co. 
Fig.  7—1  1 . A commercial  hydraulic  press. 


force  applied  to  it;  the  ratio  of  these  forces  is 
called  the  mechanical  advantage  of  the  ma- 
chine: 

r 


Mech.  Ad  van.  = 


Force  overcome  (resistance) 
Force  applied  (effort) 


In  the  hydraulic  press ' described  above,  the 

^ ^ , 10,000  lb. 

mechanical  advantage  equals  — 

1,000.  In  other  words,  the  force  produced  is 
1,000  times  as  large  as  the  force  applied.  Note 
that  this  is  the  same  as  the  ratio  of  the  areas 
of  the  pistons, 
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The  Flow  of  Liquids.  'The  pressure  exerted 
by  water  is  reduced  as  the  water  flows  througli 
pipes.  This  is  due  to  the  fact  that  the  inner 
surface  of  the  pipe  and  the  bends  and  joints, 
all  produce  friction  that  opposes  the  flow  of 
the  water  and  thereby  reduces  the  pressure. 
The  longer  and  smaller  the  pipe,  the  more  no- 
ticeable is  the  effect  of  friction. 


Force  Force 

10,000  lbs  10  lbs 


1 1 J 

5 

Area 

7 

— — — 

-1000  sq.in.  , 

- 

Area 

1 sq.in. 

- :_r— 

Fig.  7—12.  Principle  of  the  hydraulic  press. 


Demonstration  7-5.  Reduction  of  Pressure  by  Friction. 

Connect  the  long  pipe  described  in  Demon- 
stration 7-4  to  the  laboratory  faucet  and  open 
the  faucet  wide.  Close  the  outlet  faucet  on  the 
pipe  and  read  the  gages.  Now  open  the  outlet 
faucet  slightly  and  read  the  gages  again.  Open 
the  outlet  still  wider  and  read  the  gages  once 


Fig.  7—13.  Principle  of  hydraulic  brakes. 


more.  Do  they  all  read  the  same?  Do  they  read 
less  when  the  outlet  is  wide  open  or  when  it  is 
closed? 

When  the  faucet  on  the  pipe  is  closed,  all 
the  gages  read  the  same  high  value:  the  pres- 
sure of  the  water  supply.  When  the  faucet  is 
opened,  the  water  rushes  through  the  pipe  and 
the  pressure  drops  all  along  the  line,  but  the 
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drop  increases  as  the  water  proceeds  along  the 
line  of  flow. 

This  effect  is  often  apparent  in  the  small 
pipes  of  old  houses.  If  water  is  being  used  on 
the  first  or  second  floor,  the  third-floor  faueets 
may  be  unable  to  supply  any  water.  When 
the  lower  faucets  are  closed,  enough  pressure 
builds  up  to  send  the  water  to  the  higher 
floors. 


A TOWN  WATER  SYSTEM 

Fresh  water  for  drinking,  for  washing,  and 
for  fire  fighting  is  a necessity  in  all  towns  and 
eities.  This  water  is  usually  piped  from  a reser- 
voir, which  may  be  many  miles  from  the  town. 
To  move  the  water  through  the  pipes,  suffi- 
cient pressure  must  be  produced  at  the  water 
works  to  overeome  the  frietion  in  the  pipes. 
If  the  original  pressure  is  not  great  enough,  or 
if  the  pipes  are  too  small,  the  water  pressure 
will  drop  very  low  when  large  quantities  of 
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water  are  being  used— as  at  a ff’-e,  for  instanee. 
If  this  happens,  it  may  be  impossible  to  send 
a stream  of  water  to  the  upper  parts  of  a burn- 
ing building. 

A Water  Tower.  If  the  reservoir  is  higher 
than  the  town,  the  water  ean  flow  by  its  own 
weight  through  the  pipes  to  the  town.  But 
even  then  the  water  works  usually  do  not  have 
water  enough  to  meet  peak  demands.  Water 
is  therefore  stored  in  a water  tower  or  stand- 
pipe. Standpipes  are  built  on  hills  or  on  high 
towers  so  that  they  will  produee  a high  pres- 
sure for  the  faucets  in  town. 

Water  Pumps.  The  water  must  be  foreed  up 
into  the  standpipe,  however.  For  this  pur- 
pose pumps  are  used.  A simple  type  of  pump, 
ealled  a force  pump  (see  Fig.  7-14),  is  oper- 
ated as  follows.  When  the  piston  moves  up- 
ward, away  from  the  inlet  of  the  pump,  a par- 
tial vacuum  is  produced  between  the  piston 
and  the  inlet  valve;  then  the  air  pressure  out- 
side forces  water  to  enter  the  pump  through 
the  inlet  valve.  When  the  piston  is  then 
moved  downward,  the  pressure  closes  the  inlet 
valve  and  forees  open  the  outlet  valve  through 
which  the  water  is  expelled  with  a force  great 
enough  to  carry  it  to  the  standpipe.  A {pressure 
dome  is  usually  eonneeted  to  the  outlet  of  the 

pump  to  smooth  the  flow  of  water.  During 
the  pressure  stroke  of  the  pump,  water  is 

forced  into  the  pressure  dome,  compressing 

the  air  inside  it.  On  the  intake  stroke  of  the 
pump,  the  air  in  the  pressure  dome  forces  the 
water  out,  thus  maintaining  a more  eontinu- 
ous  flow  of  water  through  the  pipe. 

Another  kind  of  pump,  called  a lift  pump, 
often  used  on  farms  for  lifting  water  from  a 
well,  is  shown  in  Fig.  7-15.  In  this,  water  is 
pushed  into  the  pump  by  atmospherie  pressure 
when  the  piston  is  raised.  When  the  piston  is 
lowered,  the  inlet  valve  eloses,  and  water  is 
forced  through  a valve  in  the  piston  and  into 
the  upper  part  of  the  pump.  When  the  piston 
is  next  lifted,  the  water  above  the  piston  is 
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raised  to  the  spout  as  new  water  enters  the 
body  of  the  pump  from  the  well. 

Both,  the  force  pump  and  the  lift  pumn  de- 

pend  on  atmospheric  pressure  t 

d push  the 

water  into  the  body  of  the  pump  w 

men  the  pis- 

ton  is  moved.  If  the  pump  is  mor^ 

than  about 

30  feet  above  the  water  surface, 
effect  of  atmospheric  pressure 
enough  and  water  does  not  reach 
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piston.  (A  pump  with  perfectly  fitting  pistons 
could\wom  up  to  34  feet  above  water  level. 

Why  d\e|  this  not  happen  in  actual  prac- 
tice?) Toemfore  purrms  are  often  set  down 
inside  deep  w^f^,  as  iryFig.  l-As.  Thisjs, 
cially  necessary  itK^rid  rgg^ftsC”umere  thd' 
water  level  in  the  wen""iTi'ay  fall  markedly  dur-  ^ 
ing  the  dry  season.  Pumps  used  in  mines  aTE:::=:a^^^ 
always  lotated  deep) down  in  the  earth  where  T) 
the  water  seeps  thrcjbgh  the  rocks  and  collects 
in  pools. I These  arje  force  pumps,  since  the 
water  miist  be  forced  up  from  the  bottom  of 
the  well  pr  mine. 

A third  type  of\^pump  is  the  centrifugal 
pump;  one  is  shown  na  Fig.  7-17.  In  this  type, 
water  enters  near  the  c^ntec^  the  pump  and , i \ 
is  caught! by  rapidly | whirliri^ vanes  which 
thrpw  it  to\  the  outsid^  of  the  puiKp  with  such  j 
fojce  that  its,  continues  throug)i  the  outlet  tub^ 
with  considerable  velocity.  Such  pumps  can-  * ‘ 
not  force  water  to  a g eat  height,  but  they  can 
deliver  a large  quantity  of  water  in  a smooth- 
flowing  stream^  j 
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Fig.  7—16.  Pumps  are  located  near  the  bottom  of 
deep  wells  or  mines. 


Water  Wheels.  Until  about  fifty  years  ago, 
mills  were  often  located  on  swift-flowing 
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streams  because  the  water  in  these  streams 
could  be  used  to  drive  the  machines  of  the 
mills.  Most  of  the  old-fashioned  water  wheels, 
like  the  one  shown  in  Fig.  7-18,  received  the 
water  on  top  and  the  weight  of  the  water 
turned  the  wheel.  Modern  water  wheels,  like 
the  Felton  wheel  shown  in  Fig.  7-19,  use  a 
fast-flowing  stream  of  water,  which  hits  buck- 
ets on  the  bottom  of  the  wheel.  This  is  some- 
times called  an  impulse  water  wheel  and  ob- 
viously depends  on  a supply  of  water  under 
high  pressure. 

Outlet 


Fig.  7—17.  A centrifugal  pump. 

Water  Turbines.  Modern  hydroelectric 
plants  often  use  the  force  of  falling  water  to 
turn  electric  generators.  Water  from  a river, 
for  instance,  first  flows  through  a screen  to 
remove  floating  debris.  It  then  falls  through 
large  sloping  tubes  to  the  rim  of  a big  wheel. 
Here  it  pushes  against  the  vanes  and  rotates 
the  wheel.  The  water  is  then  carried  into  the 
center  of  the  wheel,  where  it  falls  into  the  dis- 
charge tube  or  raceway  below  and  returns  to 
the  river.  Large  water  turbines  may  turn  about 
120  times  a minute  and  drive  electric  gener- 
ators set  above  them.  The  operation  of  the 
generators  is  described  in  Chapter  38. 

WATER  FOR  TRANSPORTATION 

The  oceans,  lakes,  and  rivers  of  the  world 
have  for  ages  been  lanes  of  travel  and  com- 
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Ewing  Galloioaij 

Fig.  7—18.  This  water  mill  was  built  in  1798. 


merce  for  man.  Boats,  barges,  ships,  even  rafts 
have  carried  goods  and  people  long  distances 
and  spread  civilization  to  all  parts  of  the  globe. 

Buoyant  Force.  Why  do  ships  float?  Wood 
floats  and  steel  sinks,  yet  boats  can  be  made 
of  wood  or  steel,  or  even  cement.  What  holds 
them  up?  The  answer  to  this  question  was  dis- 
covered about  200  B.c.  by  a Greek  scholar 
named  Archimedes.  History  relates  that  while 
Archimedes  was  sitting  in  a bath  he  noticed 
that  his  arms  felt  lighter  when  they  were  un- 


Fig.  7-19.  High-speed  Pelton  wafer  wheel. 
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der  water,  and  that  the  more  he  submerged 
them  the  lighter  they  felt.  He  concluded  that 
the  water  was  exerting  a lifting  force  upon  his 
arms,  and  that  this  force  depended  upon  the 
volume  of  his  arms  under  water. 


Fig.  7—20.  A floating  object  protrudes  through  the 
surface  of  the  water  until  the  buoyant  force  of 
the  water  equals  the  weight  of  the  object. 

Water  exerts  a huovanf.  forn^uou-omi  object 
immersed  in  it.  As  Archimedes  said,  this  force 
depends  on  the  volume  of  the  object  under 
water.  Though  a stone  seems  lighter  when  un- 
der water  than  in  air,  it  will  sink  because  the 


Fig.  7—21.  Weighing  a stone  in  air. 

buoyant  force  of  the  water  is  not  equal  to  the 
weight  of  the  stone.  On  the  other  hand,  a 
piece  of  wood  of  the  same  size  as  the  stone  is 
acted  upon  by  the  same  buoyant  force  when 
under  water.  Yet  the  buoyant  force  lifts  the 


wood  to  the  surface,  where  part  of  it  protrudes 
as  shown  in  Fig.  7-20.  The  wood  floats  with 
just  enough  of  its  volume  under  water  to  pro- 
duce a buoyant  force  equal  to  the  weight  of 
the  wood. 

We  can  now  see  that  if  the  piece  of  wood 
is  hollowed  out  into  a canoe,  it  will  displace 
as  much  water  as  before,  but  that  a load  of 


Fig.  7—22.  Loss  of  weight  of  the  stone  equals 
weight  of  liquid  displaced. 

people  or  baggage  can  now  be  placed  in 
the  canoe  to  replace  the  weight  of  the  wood 
removed.  The  buoyant  force  of  water  there- 
fore carries  the  load  in  the  boat. 

Steel  ships  float  for  the  same  reason,  since 
the  steel  is  only  a shell  that  pushes  the  water 
aside.  The  inside  of  the  steel  shell  is  hollow 
and  can  be  filled  to  some  extent  with  power 
plant,  cargo,  and  people. 

A simple  laboratory  experiment  will  show 
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Fig.  7—23.  Forces  on  a submerged  object. 


the  nature  of  the  buoyant  force  exerted  by 
water. 

Demonstration  7-6.  Loss  of  Weight  in  Water. 

Suspend  a stone  from  a spring  balance  as 
shown  in  Fig.  7-21,  and  record  the  weight  of 
the  stone.  Now  lower  the  stone  into  a vessel  of 
water  that  is  filled  to  overflowing.  The  stone  will 
displace  water,  which  we  can  catch  and  weigh 
as  shown  in  Fig.  7-22.  At  the  same  time,  we 
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notice  that  the  spring  balance  indicates  a loss  in 
the  weight  of  the  stone.  Compare  the  difference 
between  the  two  spring-balance  readings  of  the 
weight  of  the  stone  with  the  weight  of  the  water 
displaced  by  the  stone.  The  two  values  should 
be  the  same.  Why? 

This  experiment  supports  the  general  state- 
ment of  Archimedes’  Principle:  Any  object 
immersed  in  a liquid  is  buoyed  up  by  a force 
which  equals  the  weight  of  the  displaced 
liquid. 

From  our  knowledge  of  water  pressure  we 
can  readily  see  that  the  bottom  of  an  object 
immersed  in  water  is  subject  to  a greater  force 
than  the  top.  This  is  because  the  bottom 
is  deeper  in  the  water,  where  the  pressure 
is  greater.  Fig.  7-23  shows  these  forces  on  a 
block  immersed  in  water.  The  upward  force 
equals  the  pressure  on  the  bottom  multiplied 
by  the  area  of  the  bottom,  or  54  grams,  and 
the  downward  force  is  only  24  grams.  Thus 
the  buoyant  force  is  30  grams.  Can  you  show 
that  this  equals  the  weight  of  the  displaced 
water? 

This  explains  why  boats,  even  steel  ones, 
can  float  on  water  and  carry  a load. 

Balloons.  In  the  same  way,  balloons  and 
dirigibles  displace  air  and  are  buoyed  up  by  a 
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force  equal  to  the  weight  of  the  displaced  air. 
If  this  force  is  as  large  as  the  weight  of  the  bal- 
loon, the  balloon  will  float.  Small  balloons, 
like  those  sold  at  fairs,  are  inflated  with  illumi- 
nating gas,  which  weighs  less  than  air.  Since 
the  weight  of  the  rubber  and  the  gas  inside  it 


is  less  than  the  buoyant  force,  the  balloon 
rises.  Larger  balloons  are  used  to  carry  radio 
transmitters  high  into  the  atmosphere  to  re- 
cord weather  conditions.  This  is  discussed  in 
more  detail  in  Chapter  20. 


THINGS  TO  REMEMBER 


Water  exerts  a pressure  because  of  its  weight. 

Water  exerts  a pressure  in  all  directions,  and 
this  pressure  is  the  same  in  all  directions  at  a 
given  depth. 

Water  pressure  increases  with  depth  below 
the  surface  of  the  water. 

U-tube  manometers  and  Bourdon  gages  are 
used  to  measure  pressures. 

Pressure  applied  to  a confined  liquid  is  trans- 
mitted without  loss  to  all  parts  of  the  container. 


Mechanical  advantage  is  resistance  divided  by 
effort. 


Pressure  in  flowing  liquids  is  reduced  by  fric- 
tion. 


Q U E 


Lift  pumps  and  force  pumps  are  commonly 
used  to  move  liquids. 

Objects  immersed  in  a liquid  are  buoyed  u^j 
by  a~force  equal  to  the  weight  ot  the  displaced  / . V ^ 
liquid.  This  is  called  Archimedes’  Principle. 

ST  I 0 N S 


How  high  must  a column  of  water  be  to 
exert  a pressure  of  15  pounds  per  square 
inch  on  the  bottom  of  its  container? 

2.  What  pressure  is  produced  on  its  base  by  a 
column  of  water  64  feet  high? 

3.  Why  must  the  glass  sides  of  a large  aquar- 
ium be  made  of  heavy  glass? 

4.  Draw  a cross  section  of  a dam  and  explain 
why  it  has  this  shape. 

A cider  jug  completely  full  of  water  is 
plugged  loosely  with  a cork.  What  would 
happen  if  the  cork  were  struck  a sharp  blow 
with  a hammer?  Explain. 

6.  How  would  you  make  a simple  manometer 
to  measure  gas  pressure? 

7.  Draw  a simple  diagram  of  the  working  parts 
of  a Bourdon  gage. 

What  pressure  is  exerted  on  the  large  piston 
of  a hydraulic  press  if  a pressure  of  20 
pounds  per  square  inch  is  exerted  on  the 
small  piston? 


/9^  What  is  the  mechanical  advantage  of  a 
hydraulic  lift  pump  in  a service  station  if  a 
force  of  25  pounds  will  lift  a car  weighing  2 
tons?  f ir  ' 

'&0.]Why  are  small  pipes  poor  economy  in  a 
town  water-supply  system? 

T How  does  a force  pump  differ  from  a centrif- 
ugal pump? 

What  do  we  mean  by  buoyant  force? 

B 


12) 


13. 


Draw  a diagram  of  a pumping  system  in 
which  water  from  a deep  well  is  pumped 
into  a storage  tank  in  the  attic  of  a farm- 
house. 


14y  A hydraulic  press  has  pistons  whose  areas 
^ — are  in  the  ratio  of  10  to  1,000.  What  load 
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can  be  lifted  by  a force  of  1 0 pounds  on  the 
small  piston? 

How  large  is  the  buoyant  force  on  an  alumi- 
num barrel  that  displaces  2 cubic  feet  of 
water  when  submerged?  '/C/T  i, 

Explain  why  steel  ships  can  float. 


PROJECT 


To  Determine  Water-Pressure  Variations.  Ob- 
tain a pressure  gage  that  can  be  connected 
directly  to  the  water  faucets  in  your  school  build- 
ing. Measure  the  water  pressure  on  each  floor 


with  nearby  faucets  closed,  and  again  with  these 
faucets  open. 

(a)  Do  the  pressure  readings  decrease  with 
height  as  they  should?  That  is,  does  the 
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pressure  deerease  in  the  ratio  of  15 
pounds  per  square  inch  for  every  34  feet? 
Find  out  how  far  the  faucet  on  the  top 
floor  is  below  the  water  surface  in  the 
standpipe  of  your  town. 
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(£>)  Does  the  pressure  change  considerably 
when  nearby  faucets  are  opened? 

(c)  Is  the  water  piping  in  your  school  build- 
ing of  a satisfactory  size? 


REVIEW  Q U EST  I 

A 

■J.  What  is  meant  by  each  of  the  following: 

(a)  compound;  (b)  solution;  (c)  diffusion; 
(d)  atomic  weight;  (e)  solvent?  Give  an 
example  of  each. 

2.  What  is  the  meaning  of  each  of  the  follow- 
ing: [a)  atom;  (b)  molecule;  (c)  atmos- 
phere; (d)  barometer? 

3.  What  is:  [a]  the  composition  of  air;  (b) 
the  composition  of  water;  (c)  the  pressure 
of  air? 

4.  Sea  water  is  a solution.  What  does  this 
mean? 

5.  Air  is  a mixture.  What  does  this  mean? 

6.  What  is  the  purpose  of  chlorination  in  the 
preparation  of  drinking  water? 

7.  Who  were:  [a)  Archimedes;  (b)  Pascal? 

8.  Point  out  the  errors  in  the  following  state- 
ments, giving  a reason  in  each  case: 

{a)  An  atom  of  sodium  chloride  is  very 
small. 

(b)  Gas  pressure  is  caused  by  rapidly  mov- 
ing atoms. 

(c)  A solution  of  chalk  and  water  was 
poured  into  a beaker. 

(d)  Air  is  78  percent  oxygen. 

{e)  Pure  distilled  water  is  needed  for  drink- 
ing purposes. 

B 

9.  State  some  of  the  industrial  uses  of  water. 

1 0.  In  what  ways  are  solutions  important? 
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ONS  ON  UNIT  1 

1 1 . Explain  why  a glass  rod  becomes  charged 
with  positive  electricity  when  it  is  rubbed 
with  silk. 

12.  Describe  experiments  to  prove  that  a solid 
is  more  soluble  in  hot  water  than  in  cold 
water,  and  that  a gas  is  less  soluble,  f.  9^ 

13.  What  evidence  is  there  that  molecules  of 
liquids  and  gases  are  in  a state  of  motion? 

14.  Explain  why  the  atmosphere  has  remained 
with  the  earth  but  not  with  the  moon. 

1 5.  Explain  the  differences  between  a lift  pump 
and  a force  pump. 

'\6y/{a)  State  Archimedes'  Principle,  (b)  Ex- 
plain  why  iron  sinks  and  wood  floats. 

17.  (a)  What  substances  are  recovered  from 
sea  water  by  animals  and  by  man?  (b) 
What  are  these  substances  used  for? 

1 8.  Calculate  the  percentage  of  salt  in  sea  water 
from  the  following  data: 

Wt.  of  evaporating  dish  = 125  grams 
Wt.  of  dish  and  sea  water  = 425  grams 
Wt.  of  dish  and  salt  residue  = 135  grams 

19.  (a)  Describe  an  experiment  to  prove  that 
air  exerts  a pressure,  (b)  State  in  two  differ- 
ent units  the  amount  of  air  pressure. 

20.  (a)  Water  and  air  have  one  constituent  in 
common.  What  is  it?  (b)  Can  the  con- 
stituent in  air  and  water  be  used  for  the 
same  purpose?  (c)  If  not,  why  not? 

21.  Describe  briefly  the  chemical  tests  by  which 
you  would  recognize  the  gases:  (a)  carbon 
dioxide;  (b)  oxygen;  (c)  hydrogen. 
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chapter 


THE  EARTH  AND  ITS  MOTIONS 


The  Age  of  the  Earth.  Although  the  oceans 
are  about  3^  percent  salts  (by  weight),  the 
sea  is  far  from  being  saturated;  indeed  it  can 
accommodate  about  ten  times  as  much  solid 
matter  as  it  now  holds.  Yet  it  has  taken  mil- 
lions of  years  to  wash  the  present  solids  out  of 
the  land  into  the  seas.  How  do  we  know  this? 
Geologists  can  estimate  fairly  accurately  the 
total  amount  of  salts  dissolved  in  the  oceans. 
They  also  estimate  that  about  400,000,000 
tons  of  solids  are  carried  by  rivers  into  the 
oceans  every  year.  From  the  weights  of  these 
deposits  geologists  have  calculated  that  the 
oceans  must  have  existed  for  hundreds  of  mil- 
lions of  years. 

Thus  we  know  approximately  how  old  the 
oceans  are.  Do  we  know  how  old  the  earth 
is?  This  will  be  discussed  in  some  detail  in 
Chapter  11.  For  the  present  we  shall  merely 
state  that  it  is  believed  that  the  earth,  like  the 
other  planets,  was  originally  a hot  gaseous 
mass  torn  away  from  the  sun.  As  it  cooled, 
it  condensed  to  a molten,  almost  spherical 
body  surrounded  by  a dense  atmosphere  of 
water  vapor  and  air.  On  further  cooling,  a 
solid  crust  was  formed  on  the  earth,  and  the 
water  vapor  condensed  to  form  the  oceans. 
Therefore,  according  to  this  theory,  the  earli- 
est seas  were  reservoirs  of  fresh  water. 

The  age  of  the  earliest  crust  can  be  found 
by  examining  some  of  its  rocks,  particularly 
the  so-called  radioactive  rocks  which  contain 
elements  like  uranium.  Uranium  atoms  disin- 
tegrate slowly  at  a constant  rate.  A lump  of 


uranium  changes  one  half  of  itself  to  lead 
every  four  and  a half  billion  years.  In  other 
words,  after  4,500,000,000  years,  half  a lump  of 
uranium  would  become  lead;  after  another 
4,500,000,000  years  one  half  of  the  remaining 
uranium  would  be  changed  to  lead,  and  so  on 
indefinitely.  By  finding  the  weights  of  the 
uranium  and  of  the  lead  in  a given  rock,  scien- 
tists can  calculate  how  long  this  radioactive 
change  has  been  going  on;  this,  of  eourse,  gives 
the  age  of  the  rock. 

By  examining  radioactive  rocks  from  many 
different  parts  of  the  earth,  scientists  have  con- 
eluded  that  the  solid  earth  was  formed  about 
two  billion  years  ago. 

Let  us  now  examine  the  earth  a little  more 
closely.  What  is  its  shape?  Does  it  move  in 
space? 

The  Earth  is  a Sphere.  When  early  man 
looked  at  the  land  about  him,  he  saw  nothing 
that  suggested  that  the  earth  was  a globe.  To 
him  the  earth  was  flat  and  mountains  were 
merely  bulges  on  a plain.  When  he  went  to 
sea,  however,  the  sight  of  new  land  might  have 
surprised  him.  As  he  approached  the  land  he 
would  have  seen  first  the  highest  peaks,  then 
the  foothills,  and  finally  the  beaches.  Early 
man  would  have  found  it  difficult  to  explain 
these  observations  if  he  believed  that  the  earth 
was  flat,  but  quite  easy  if  he  assumed  that  he 
was  sailing  over  a curved  surface. 

By  the  15th  century  a few  men  were  not 
afraid  to  say  they  believed  the  earth  was  round. 
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Columbus  was  convinced  that  it  was,  and  he 
proposed  to  prove  it  by  sailing  west  to  the 
Indies  instead  of  east.  The  silks,  spices,  and 
other  riches  of  the  Indies  were  already  well 
known  to  Europeans,  but  a journey  to  these  is- 
lands required  many  weeks.  To  reach  them, 
traders  had  to  travel  thousands  of  miles  over- 
land by  caravan  or  else  sail  round  the  southern 
tip  of  Africa  and  through  the  Indian  Ocean 
and  the  China  Sea.  In  1492  Columbus  set  out 
for  the  Indies  by  sailing  aeross  the  ocean  to 
the  west.  He  reached  a group  of  islands  that 
he  first  thought  were  the  Indies.  Today  these 
islands  are  called  the  West  Indies,  reminding 
us  of  Columbus’  attempt  to  reach  the  East 


Fig.  8—1 . The  earth  spins  about  an  inclined  axis  of 
rotation. 

Indies  by  sailing  westward  to  prove  that  the 
earth  is  round. 

A few  years  later  a Portuguese  named 
Magellan  determined  to  sail  completely 
around  the  world.  He  left  Seville,  Spain,  in 
1519.  Although  Magellan  himself  was  killed, 
his  battered  expedition  returned  to  Seville 
from  the  opposite  direction  in  1522.  The 
voyages  of  Columbus  and  Magellan  proved 
that  the  earth  is  round,  not  flat. 

The  Earth  Spins.  The  sun  appears  to  rise  in 
the  east,  move  across  the  sky  from  east  to 
west,  and  set  in  the  west.  During  the  night  it 
seems  to  return  to  its  starting  point,  complet- 
ing the  cycle  in  24  hours.  This  apparent  mo- 
tion of  the  sun  does  not,  of  course,  prove  that 
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the  sun  really  moves.  We  now  know  that  the 
sun  does  not  move  and  that  its  apparent  mo- 
tion is  due  to  the  rotation  of  the  earth.  The 
earth  makes  one  complete  rotation,  or  turn  on 
its  axis,  every  24  hours.  While  half  the  earth’s 
surface  is  illuminated  by  the  sun’s  rays  the 
other  half  is  in  darkness.  The  rotation  of  the 
earth  causes  day  and  night. 

The  first  person  to  explain  that  the  sun,  not 
the  earth,  is  the  center  of  the  solar  system  was 
Copernicus,  a Polish  astronomer.  This  was 
early  in  the  16th  century,  but  only  within  the 
last  three  centuries  have  men  come  to  accept 
Copernicus’  idea. 

TKe  Four  Seasons.  The  earth’s  axis  is  not 
straight  up  and  down;  it  is  tilted,  or  inclined. 


AUTUMN 

WINTER 

(Dec  21)  SUMMER 

\ UJuneai) 


SPRING 
(March  2l) 

Fig.  8—2.  The  seasons. 


It  always  remains  tilted  in  the  same  direction 
as  it  travels  round  the  sun.  If^hejoduvere 
uot-tilted,  there  would  be  no  difference  in  the 
lengths  of  the  nights  and  days  throughout  the 
year,  and  there  would  be  no  difference  be- 
tween summer  and  winter.  In  other  ^^ds, 
them  would  be  no  seasons. 

The  earth  noFonlyrotates  on  its  axis  onee 
in  24  hours,  but  it  also  revolves  around  the  sun 
in  3654  days.  The  path  along  which  the  earth 
moves  around  the  sun  is  called  the  orbit.  The 
orbit  is  a slightly  elongated  circle,  or  an  ellipse. 

Let  us  see  how  the  seasons  and  also  the 
variation  in  the  hours  of  sunlight  are  caused 
by  the  motion  of  the  earth  around  the  sun  and 
the  tilting  of  the  axis.  The  diagram  (Fig.  8-2) 
shows  the  positions  of  the  earth  in  its  orbit  in 
spring,  summer,  autumn,  and  winter.  (You 
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can  demonstrate  this  by  using  an  apple  to 
represent  the  earth,  with  a knitting  needle 
through  its  core  to  represent  the  axis.  Incline 
the  axis  slightly.  Use  a light  bulb  to  represent 
the  sun.  Move  the  apple  around  the  bulb  in 
accordance  with  the  above  diagram.)  In  the 
diagram  notice  that  in  the  position  marked 
Summer  the  North  Pole  is  toward  the  sun  and 
the  region  of  the  North  Pole  remains  in  the 
light  of  the  sun  through  the  complete  24-hour 
rotation.  During  this  period  the  region  of  the 
South  Pole,  on  the  other  hand,  is  in  complete 
darkness.  When  the  earth  is  in  this  position 
all  places  north  of  the  equator  receive  light  for 


Fig.  8—3.  The  two  beams  have  the  same  width  and 
therefore  convey  the  same  amount  of  sun's  heat.  The 
heat  in  the  vertical  beam  is  concentrated  in  a smaller 
area  than  the  heat  in  the  slanted  beam. 

more  than  12  hours,  so  that  the  days  are  longer 
than  the  nights.  At  the  same  time,  in  the 
Southern  Hemisphere  the  nights  are  longer 
than  the  days;  it  is  winter  south  of  the  equator. 

While  the  earth  is  in  this  position  the  sun 
is  nearly  vertical  to  places  in  the  Northern 
Hemisphere.  The  rays  of  the  sun  that  reach 
places  in  the  Southern  Hemisphere  are  slanted. 
Similarly,  in  the  Northern  Hemisphere  the 
sun’s  rays  slant  more  in  winter  than  in  sum- 
mer. Fig.  8-3  shows  one  beam  of  sunlight  that 
strikes  the  earth  vertically  and  another  that 
strikes  it  at  an  angle.  The  vertical  beam  forms 
a circular  patch  on  the  earth,  whereas  the 
slanting  beam  forms  a larger  oval  or  elliptical 


patch.  (See  Fig.  8-3.)  The  vertical  rays  con- 
centrate the  heat  and  light  of  the  sun  over  the 
smaller  area  and,  as  a result,  they  heat  the 
ground  more  than  do  the  slanting  rays.  It  is 
this  difference  in  the  amount  of  heat  and  light 
received  by  the  earth  that  causes  winter  and 
summer. 

Now  let  us  turn  to  the  position  marked 
Autumn  in  Fig.  8-2.  In  this  position  the 
North  Pole  is  tilted  neither  toward  nor  away 
from  the  sun;  this  is  true  also  of  the  South 
Pole.  Day  and  night  are  equal  at  all  places  on 
the  earth;  at  the  poles,  at  the  equator,  and  at 
all  places  between,  day  and  night  are  12  hours 
long.  This  is  the  position  of  the  autumn  eqifi- 
nox.  Its  actual  date  is  September  21. 

In  the  position  marked  Winter,  the  North 
Pole  is  tilted  away  from  the  sun.  As  a result, 
the  Northern  Hemisphere  receives  less  light 
and  heat  than  does  the  Southern  Hemisphere. 
Also,  the  sun’s  rays  are  more  slanted  in  the 
north.  This  is  the  position  of  midwinter  in 
the  Northern  Hemisphere. 

The  position  marked  S^ing  is  similar  to 
that  marked  Autumn.  Neither  the  North  Pole 
nor  the  South  Pole  tilts  away  from  the  sun. 
Thus  the  hemispheres  receive  equal  amounts 
of  light  and  heat.  This  is  the  position  of  the 
spring-eqmnox,  and  the  date  is  March  21 . 

From  this  we  see  that  in  the  United  States 
the  sun’s  rays  are  most  nearly  vertical  on  June 
21  and  most  inclined  on  December  21— these 
are  the  longest  and  shortest  days,  respectively. 
The  hottest  and  coldest  weather,  however, 
comes  after  these  dates,  because  the  earth 
takes  time  to  heat  up  in  summer  and  to  cool 
off  in  winter. 

If  the  earth’s  axis  were  not  inclined,  there 
would  still  be  differences  in  climate  between 
different  parts  of  the  earth.  The  equator 
would  still  be  very  hot  and  the  poles  very  cold. 
But  there  would  be  no  seasons.  This  differ- 
ence in  climate  would  be  due  entirely  to  the 
difference  in  the  slant  of  the  sun’s  rays  as 
they  strike  different  parts  of  the  earth.  The 
inclined  axis  makes  the  differences  in  climate 
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much  greater  by  varying  the  length  of  night 
and  day  and  by  eausing  the  seasons. 

Latitude  and  Longitude.  If  we  want  to  tell 
someone  where  the  groeery  store  is,  we  can 
say,  “At  the  eorner  of  First  and  Main.”  If  we 
want  to  explain  where  a certain  farm  is,  we 
can  say,  “A  mile  and  a quarter  south  of  Jones- 
borough  on  Route  9.”  But  if  we  want  to  ex- 
plain where  a forest  ranger  station  is,  or  where 
a dam  is  to  be  built,  or  where  a ship  at  sea  is. 
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The  latitude  of  the  equator  is  0°  and  that  of 
eaeh  pole  is  90°.  A parallel  of  latitude  is  an 
imaginary  line  around  the  earth  all  points  on 
whieh  are  equidistant  from  the  equator.  All 
parallels  of  latitude  are  ealled  furiall  cArnUs^.x- 
eept  the  equator,  whieh  is  the  only  great  eirele 
'that  is  horizontal.  Parallels  beeome  smaller 
eireles  as  they  approaeh  the  poles. 

Parallels  of  latitude  may  be  drawn  any  num- 
ber of  degrees  apart;  for  example,  1°,  5°,  10°, 
30°,  60°,  and  so  on.  One  degree  of  latitude 
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Fig.  8—4.  Seasons  are  due  to  the  tilting  of  the  earth's  axis.  In  the  winter  season  the  North 
Pole  is  tilted  away  from  the  sun. 


there  are  no  visible  signposts.  To  loeate  sueh 
points  we  use  latitude  and  longitude.  Parallels 
of  latitude  are  imaginary  eireles  that  run 
around  the  earth  parallel  to  the  equator. 
Meridians  of  longitude  are  imaginary  eireles 
that  run  around  the  earth  through  the  North 
and  South  poles. 

Latitude.  Latitude  is  distance  from  the 
equator;  it  expresses  distanee  north  or  south 
of  the  equator.  The  equator  is  an  imaginan 
eirele  that  passes  around  the  earth  midway 
between  the  poles  dividing  the  surfaee  into 
two  equal  parts.  A eirele  that  divides  the  earth 
into  two  equal  parts  is  called  a ^reat  circle. 

Latitude  is  measured  in  degrees,  not  miles. 


measures  about  70  miles.  It  is  found  by  divid- 
ing the  eircumference  of  the  earth  (24,800 
miles)  by  360.  New  York  is  almost  on  the 
40th  parallel  of  latitude  in  the  Northern  Hem- 
isphere, or,  as  we  say,  40°  N.  Its  distance  from 
the  equator  is  therefore  almost  2,800  miles. 

When  we  want  to  be  more  exact,  we  express 
latitude  in  degrees,  minutes,  and  seconds;  60 
seeonds  make  one  minute,  60  minutes  make 
one  degree.  The  exact  latitude  of  New  York, 
using  symbols,  is  40°  45'  06"  N.;  of  London, 
51°  28'  30"  N.;  and  of  Capetown  in  South 
Afriea,  33°  55'  8"S. 

Longitu^.  Lines  of  longitude  are  great  eir- 
cles  running  north  and  south  and  passing 
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through  the  North  and  South  poles.  They 
resemble  the  divisions  of  an  orange.  The 
equator  can  be  divided  into  360  degrees  so  that 
a line  of  longitude  can  be  drawn  through  each 
of  these  points.  These  lines  of  longitude  are 
farthest  apart  at  the  equator  and  they  all  con- 
verge at  the  poles.  Places  with  the  same  longi- 
tude have  the  same  time.  For  example,  when 
it  is  midday  in  New  York,  it  is  also  midday  for 
all  places  directly  north  or  south  of  it.  For 
this  reason  lines  of  longitude  are  called  merid- 
ians, from  a Latin  word  meaning  “middle  of 
the  day.” 


Fig.  8—5.  Latitude  and  longitude.  The  position  of  the 
point  on  the  sphere  is  latitude  50°  N.  and  longitude 
60°  W.  Notice  that  all  lines  of  longitude  are  great 
circles,  whereas  the  equator  is  the  only  line  of  lati- 
tude that  is  a great  circle. 

As  the  starting  point  for  the  measurement 
of  longitude,  practically  all  countries  have 
adopted  the  Royal  Observatory  at  Greenwich, 
London,  England.  Greenwich  is  considered 
0°,  and  longitude  is  measured  east  and  west 
from  it  through  180°.  Places  located  on  the 
180th  meridian  are  on  the  other  half  of  the 
great  circle  that  passes  through  Greenwich; 
that  is,  on  the  opposite  side  of  the  earth. 
Cities  can  thus  be  accurately  located  on  the 
globe.  For  example. 

New  York  lat.  40°45'06"N.,  long.  73°59'39"W. 
London  lat.  51°28'30"N.,  long.  0°  0'  0" 
Capetown  lat.  33°55'8"S.,  long.  18°25'35"E. 
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Time.  By  general  agreement  the  day  starts  at 
midnight,  or  zero  hour.  The  middle  of  the  day 
is  12  hours  or  12  o’clock  noon  (meridian);  the 
hours  between  zero  hour  and  twelve  noon  are 
referred  to  as  a.m.  [ante  meridiem,  “before 
noon”);  between  12  noon  and  12  midnight 
the  hours  are  called  p.m.  [post  meridiem, 
“after  noon”). 

To  avoid  confusion,  the  24  hour  time-day 
is  gradually  being  adopted.  It  is  already  used 
in  many  European  countries,  by  astronomers, 
and  by  the  armed  forces.  In  this  system  all 
A.M.  times  are  the  same  as  our  present  a.m. 
times,  but  the  p.m.  times  are  expressed  in 


numbers  ranging  from  13  to  24.  For  instance, 
4 P.M.  is  16  hours  and  5:30  p.m.  is  1730.  In 
this  system  there  is  never  any  doubt  as  to 
whether  the  time  referred  to  is  morning  or 
evening. 

Time  Belts.  When  the  sun  is  exactly  over- 
head, or  highest  in  the  sky,  the  time  is  midday. 
Therefore  each  town  or  village  really  has  its 
own  midday,  which  is  different  from  that  of 
even  nearby  towns  to  the  east  or  west.  In  the 
early  days  each  town  in  the  United  States 
went  by  its  own  local  time.  The  result  was 
a great  deal  of  confusion,  especially  when  rail- 
roads tried  to  make  up  timetables.  Watches 
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had  to  be  reset  at  every  village.  Since  1883, 
when  standard  time  belts  were  established,  all 
places  in  a given  area  or  belt  have  the  same 
time.  Canada,  which  extends  through  about 
88  degrees  of  longitude,  has  six  time  belts, 
each  one  about  15  degrees  of  longitude  wide 
and  differing  by  one  hour  from  the  belts  on 
either  side.  (You  will  notice  from  Fig.  8-7 
that  there  are  actually  seven,  rather  than  six. 
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your  watch  back  one  hour  every  time  you  pass 
from  one  time  belt  into  the  next. 

Each  time  belt  represents  a distance  of  ^4 
of  the  earth’s  circumference  of  360  degrees, 
that  is,  1 5 degrees  of  longitude.  The  six  zones 
in  Canada  are  based  on  the  mean  sun  time  on 
the  60th,  75th,  90th,  105th,  120th,  and  135th 
meridians,  which  are  approximately  the  longi- 
tudes of  Sydney,  Montreal,  Ft.  William,  Sas- 


different  times  in  Canada— the  seventh  being 
Newfoundland  Time,  which  is  one  half  hour 
ahead  of  the  time  in  Halifax.  This  is  a special 
case  as  Newfoundland  really  is  in  the  Atlantic 
Time  Zone.) 

If  you  leave  the  East  Coast,  say  Halifax,  and 
travel  westward,  you  will  find  that  your  watch 
is  ahead  of  the  local  clocks  by  one  hour  in 
Montreal,  two  hours  in  Winnipeg,  three  hours 
in  Edmonton,  four  hours  in  Vancouver,  and 
five  hours  in  Whitehorse.  In  other  words,  in 
traveling  from  east  to  west  you  will  have  to  set 


katoon,  Kamloops,  and  Whitehorse.  The  lines 
indicating  time  belts  are  not  always  straight; 
they  are  slightly  irregular  to  avoid  giving  two 
kinds  of  time  to  the  same  heavily  populated 
region. 

International  Date  Line.  Suppose  that  two 
ships  set  out  from  Creenwich,  one  traveling 
east  and  the  other  west.  On  the  ship  sail- 
ing east,  clocks  must  be  set  an  hour  ahead  for 
every  1 5 degrees  of  longitude  traveled;  that  is, 
for  every  15  degrees  of  longitude  one  hour  is 
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lost.  On  the  ship  sailing  west,  the  opposite  is 
true;  clocks  must  be  set  back  one  hour  for  each 
1 5 degrees  and  thus  an  hour  is  gained  for  every 
15  degrees  of  longitude  traveled. 

What  happens  when  the  ships  reach  the 
180th  meridian?  The  ship  sailing  east  will 
have  lost  12  hours;  for  if  Greenwich  time  is  6 
p.M.  Wednesday,  ship’s  time  will  be  6 a.m. 


fore  known  as  the  international  date  line.  On 
crossing  the  date  line  from  the  east  a traveler 
moves  his  calendar  ahead  one  day.  On  cross- 
ing from  the  west  he  repeats  one  day. 

If  yon  are  sailing  westward  and  happen  to 
cross  the  180th  meridian  about  Wednesday 
midnight,  the  following  morning  is  Friday; 
Thursday  has  disappeared.  On  the  other  hand. 


International  Date  Line 
I 

Goins  2]4  hours 

I 

Loses  2'4  hours 


West  Wednesdoy 


Fig.  8—8.  Time  zones  on  the  parallel  of  latitude  through  Greenwich,  London.  Each  time  zone 
corresponds  to  1 5°  of  longitude. 


Thursday.  On  the  other  hand,  the  ship  sail- 
ing west  will  have  gained  12  hours,  and  its 
time  will  be  6 a.m.  Wednesday,  as  shown  in 
Fig.  8-8.  By  the  calendar,  therefore,  just  west 
of  the  180th  meridian  it  would  be  Thursday 
and  just  east  of  this  meridian  it  would  still  be 
Wednesday.  To  overcome  this  difference,  by 
international  agreement  the  new  day  begins  at 
the  180th  meridian,  and  this  meridian  is  there- 


if  you  are  sailing  eastward  and  cross  the  date 
line  about  Wednesday  midnight,  the  follow- 
ing morning  is  Wednesday.  In  other  words, 
you  have  an  extra  Wednesday  that  week. 
What  actually  happens  is  that  at  the  interna- 
tional date  line  you  gain  what  you  have  lost  in 
traveling  eastward  and  lose  what  you  have 
gained  in  traveling  westward. 


; THINGS  TO 

The  earth  is  probably  about  two  billion  years 
old. 

The  earth  makes  one  complete  rotation  on  its 
axis  once  every  24  hours. 

Night  and  day  are  caused  by  the  rotation  of 
the  earth. 

The  earth’s  axis  is  inclined. 


REMEMBER  

The  earth  revolves  around  the  sun  in  3654 
days. 

The  seasons  are  caused  by  the  tilting  of  the 
earth’s  axis  and  the  motion  of  the  earth  around 
the  sun. 

The  spring  equinox  is  March  21,  and  the  fall 
equinox  is  September  21. 
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Parallels  of  latitude  indicate  the  position  of 
a place  north  or  south  of  the  equator. 

Meridians  of  longitude  indieate  the  position 
of  a plaee  east  or  west  of  Greenwieh,  England. 
There  are  six  time  belts  in  Canada;  eaeh 


1.  Determine  whieh  of  the  following  state- 
ments are  true  and  whieh  are  false.  Then 

correctly  reword  the  false  ones. 

(a)  The  earth  is  about  two  million  years 
old. 

(b)  The  spinning  of  the  earth  causes  the 
seasons. 

(c)  The  earth’s  orbit  is  a perfeet  eirele. 

(d)  December  21  is  a day  of  equinox. 

(e)  If  the  earth’s  axis  were  not  inclined, 
there  would  be  no  seasons. 

(/)  All  the  parallels  of  latitude  are  small 
circles. 

(g)  All  the  meridians  of  longitude  are  great 
circles. 

(h)  The  latitude  of  London  is  0°. 

(i)  There  are  six  different  time  belts  in 
Canada. 

(/)  A time  zone  of  1 5 degrees  of  longitude 
corresponds  to  a time  differenee  of  one 
hour. 

2.  Explain  the  terms:  (a)  equinox;  (b)  merid- 
ian of  longitude. 


P RO  J 

Studying  the  Shadow  Cast  by  the  Sun.  We  ean 
obtain  eonsiderable  interesting  information  from 
the  shadow  of  a pole  made  by  the  sun.  On  a 
pieee  of  level  ground  set  a straight  stiek  or  pole 
whose  length  you  have  measured. 

On  a bright  day  you  can  follow  the  path  of 
the  sun  by  placing  a marker  at  the  end  of  the 
shadow  every  hour.  At  the  end  of  the  day, 
measure  the  distances  from  the  markers  to  the 
pole  and  also  the  angles  between  the  lines  run- 
ning from  the  pole  to  the  markers.  These  angles 
should  be  15°.  Why? 

Notiee  that  the  direetion  of  the  shadow 
ehanges.  In  the  morning  it  points  west;  in  the 
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differing  from  the  belt  on  eaeh  side  of  it  by 
one  hour. 

Longitude  180°  is  the  international  date  line. 
On  crossing  this  line,  ships  sailing  east  gain  a 
day;  those  sailing  west  lose  a day. 

IONS 

3.  Explain  how  uranium  ore  is  used  to  indieate 
the  age  of  the  earth. 

B 

4.  In  the  month  of  June  the  days  are  longer 
than  the  nights  in  the  Northern  Hemi- 
sphere. Explain  why. 

5.  In  the  month  of  June  it  is  warmer  in  the 
Northern  than  in  the  Southern  Hemisphere. 
Explain  why. 

6.  Tell  what  latitude  is  and  describe  its  use. 

7.  Establish  the  longitude  and  latitude  of  your 
present  loeation.  State  preeisely  what  this 
means. 

8.  A time  zone  is  1 5 degrees  of  longitude  wide. 
How  is  this  figure  obtained,  and  what  does 
it  signify? 

9.  Explain  what  is  meant  by  the  international 
date  line.  Why  is  it  neeessary? 

10.  (a)  State  approximately  the  loeations  of 
the  following  plaees:  (1)  lat.  40°  N., 
long.  75°  W.;  (2)  lat.  0°,  long.  30° 
W.;  (3)  lat.  89°  S.,  long.  15°  E. 

(b)  If  it  is  noon  at  position  (2),  what  is 
the  time  at  positions  C)  and  (3)? 


evening  it  points  east.  What  does  this  indicate? 

Notice  that  the  shadow  is  long  in  the  morn- 
ing and  evening  and  shortest  at  noon.  What 
does  this  indieate? 

Draw  to  seale  the  length  of  the  pole  and  the 
length  of  the  shadow  for  such  hours  as  8 a.m., 
10  A.M.,  12  noon,  2 p.m.,  4 p.m.,  and  6 p.m.. 
Measure  the  angles  of  inclination  of  the  sun’s 
rays.  What  information  do  you  get  from  these 
diagrams? 

This  experiment  eould  be  repeated  at  a differ- 
ent season  so  that  you  could  observe  the  change 
that  takes  place  in  the  direction  of  the  sun’s  rays 
as  the  seasons  change. 


chapter 


ROCKS  OF  THE  EARTH 


Our  planet,  the  earth,  is  made  up  of  a num- 
bers of  layers,  one  inside  the  other.  The  outer- 
most layer  is  the  atmosphere.  Next  comes  the 
water  layer,  which  covers  about  three-quarters 
of  the  earth’s  surface.  Then  there  is  the  crust 
of  the  earth  which,  here  and  there,  juts 
through  the  water  to  form  dry  land. 

Life  on  the  earth  is  limited  to  a narrow  zone 
near  the  surface  that  is  probably  not  more 
than  ten  miles  thick.  Birds  reach  the  upper 
limit;  a few  of  them  have  been  observed  by 
explorers  high  up  on  the  slopes  of  Mount 
Everest.  On  the  other  hand,  living  animals 
have  been  found  in  sea  water  at  a depth  of 
five  miles  or  so.  But  these  are  the  limits  of 
the  region  of  living  things,  and  the  total  dis- 
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tance  is  only  about  of  the  diameter  of  the 
earth. 

Nevertheless,  both  plant  and  animal  life  is 
varied  within  these  narrow  limits.  The  varia- 
tion is  due  to  several  causes,  one  being  the 
differences  of  climate.  The  flora  and  fauna 
(plants  and  animals)  of  the  temperate  zones 
differ  from  those  of  the  tropics;  and  the  flora 
and  fauna  of  the  tropics  are  quite  unlike  those 
of  polar  or  desert  regions. 

But  even  in  the  same  climatic  zone  plant 
and  animal  life  vary  considerably.  This  is 
true  largely  because  of  the  different  kinds  of 
rocks  on  the  surface.  The  earth’s  crust  was 
formed  by  the  cooling  of  molten  rock.  Why, 
then,  are  the  rocks  on  the  surface  not  the  same 


everywhere?  In  order  to  answer  this  question, 
we  must  first  consider  the  interior  of  the  earth. 

The  Earth's  Interior.  There  is  no  doubt  that 
the  interior  of  the  earth  is  much  hotter  than 
the  surface.  Though  it  is  impossible  to  take 
temperature  readings  at  great  depths,  the  read- 
ings taken  in  deep  mines  and  in  well  borings, 
which  may  be  5,000  feet  below  the  surface  of 
the  land,  show  that  the  deeper  the  bore  the 
higher  the  temperature.  Actually,  the  temper- 
ature rises  about  one  degree  centigrade  for 
every  one  hundred  feet  of  depth.  At  a depth 
of  about  three  miles  the  rocks  are  at  the  same 
temperature  as  boiling  water.  The  behavior  of 
geysers  is  evidence  to  support  this  statement. 

It  is  supposed  that  in  the  formation  of  a 
geyser  surface  waters  seep  through  cracks  in 
the  crust  and  are  heated  by  contact  with  the 
hot  rocks  below.  The  water  boils,  and  the 
pressure  of  the  steam  throws  out  some  of  this 
hot  water.  Old  Faithful,  in  Yellowstone  Na- 
tional Park,  Wyoming,  is  a familiar  example 
of  this  process.  See  Fig.  9-1. 

If  we  assume  that  the  temperature  increases 
with  depth  at  the  same  rate,  about  25  miles 
below  the  surface  it  will  be  high  enough  to 
melt  rocks  (about  2200°  F.).  Can  we  assume, 
therefore,  that  the  rocks  in  the  earth’s  interior 
are  molten?  It  can  be  shown  that  the  pressure 
exerted  by  overlying  rocks  at  a depth  of  25 
miles  is  20,000  times  as  great  as  the  pressure 
of  the  atmosphere  at  the  surface.  This  enor- 
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mous  pressure  is  enough  to  squeeze  the  rock 
molecules  into  a solid,  probably  a plastic  solid. 
A plastic  solid  has  the  properties  of  both  a 
liquid  and  a solid.  It  is  hard  and  can  be  shat- 
tered if  struck  with  a hammer;  yet,  if  left  on 
a sloping  platform,  it  flows  very  slowly.  Hard 
cobbler’s  wax  and  sealing  wax  are  examples  of 
plastic  solids. 

Rocks  in  the  earth’s  interior  behave  like  a 


Courtesy  Northern  Pacific  Railway 


Fig.  9—1 . Old  Faithful,  the  famous  geyser  in  Yellow- 
stone Park,  ejects  boiling  water  to  an  approximate 
height  of  1 50  feet  at  hourly  intervals. 

plastic  solid.  They  can  flow,  but  very  slowly. 
Since  the  heaviest  material  slowly  sinks  toward 
the  center  of  the  earth,  there  is  reason  to  be- 
lieve that  the  earth’s  center  is  made  of  metals, 
chiefly  iron.  It  follows,  then,  that  the  earth  it- 
self is  made  up  of  layers— first  a thin  outer 
crust,  then  a deep  layer  of  plastic  rock,  and 
below  this  an  iron  core  that  is  much  heavier 
than  the  rocky  part  of  the  earth.  This  three- 
layer  earth  is  illustrated  in  Fig.  9-2. 


Volcanoes.  If  a crack  extends  from  the  crust 
of  the  earth  well  into  the  interior,  the  pressure 
of  the  overlying  rocks  forces  the  hot  plastic 
rock  up  and  out.  As  the  plastic  rock  rises,  the 
pressure  exerted  on  it  diminishes  so  that  even- 
tually the  rock  melts  and  escapes  from  the 
crater  as  red-hot  liquid  lava.  This  forms  a vol- 
cano. 

Sometimes  the  lava  wells  out  quietly  from 
the  opening  at  the  top  or  on  the  side  to  build 
up  an  enormous  cone.  Mauna  Loa  in  the  Ha- 
waiian Islands  is  a volcanic  mountain.  It  rises 
14,000  feet  above  sea  level.  The  base  of  the 


Fig.  9—2.  The  earth  has  a thin  solid  crust,  a deep 
layer  of  plastic  rock,  and  a core  of  iron  and  nickel. 


cone  is  actually  far  below  sea  level,  and  Mauna 
Loa,  measured  from  base  to  summit,  is  taller 
than  Mount  Everest. 

Cones  are  not  always  formed,  however.  The 
lava  may  emerge  through  openings  in  the 
earth  and  spread  over  wide  areas.  Large  parts 
of  the  state  of  Idaho,  for  example,  are  covered 
with  lava  formed  in  this  way.  Today  there  are 
no  active  volcanoes  in  Idaho,  but  millions  of 
years  ago  large  areas  were  covered  by  a sea  of 
molten  rock. 

Sometimes  a volcano  explodes  with  great 
violence,  scattering  fragments  of  the  cone,  vol- 
canic ash,  and  clouds  of  dust  over  vast  areas. 
Mount  Vesuvius  is  an  explosive  volcano.  In 
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the  early  clays  of  the  Christian  Era,  Vesuvius 
was  a quiet,  extinct  volcano.  The  soil  at  its 
base  was  fertile,  and  the  towns  of  Herein 
laneum  and  Pompeii  grew  and  thrived  in  this 
pleasant  land.  Then  in  the  year  63  there  was 
a violent  earthquake  in  this  region,  and  in  the 
year  79  Vesuvius  burst  into  violent  activity. 


Courtesy  U.S.  Army  A.A.F. 


Fig.  9—3.  Mount  Vesuvius  in  eruption.  This  photo- 
graph was  taken  during  a bombing  expedition  in 
World  War  II. 

Ashes  and  dust  were  strewn  miles  around. 
Herculaneum  and  Pompeii  were  completely 
buried  for  many  centuries.  Only  within  the 
last  century  has  the  debris  been  removed  to 
expose  the  ancient  cities. 

Volcanic  Rocks.  Molten  lava  cools  rapidly 
in  air.  The  rate  of  cooling  determines  the 
structure  of  the  rock.  Do  you  remember  the 
cooling  of  a saturated  solution  of  potassium 
nitrate  described  on  page  26?  If  the  solution 
is  cooled  rapidly,  the  molecules  of  potassium 
nitrate  do  not  have  time  to  align  themselves  to 
form  big  crystals.  The  result  is  that  only  mi- 
nute crystals  are  formed.  But  if  the  saturated 
solution  is  cooled  slowly,  the  molecules  can 
align  themselves  to  form  a large  structure,  and 
crystals  an  inch  long  can  be  grown  in  this  way. 
This  also  happens  in  the  cooling  of  rock  ma- 
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terial.  If  the  molten  rock  cools  rapidly,  the 
crystals  may  be  too  minute  to  be  seen;  if  it 
cools  slowly,  crystals  large  enough  to  be  seen 
by  the  naked  eye  are  formed. 

Molten  rock  under  pressure  contains  gases, 
which  escape  as  the  lava  cools.  If  the  lava 
hardens  before  the  gas  bubbles  have  escaped, 
a porous  rock  called  pumice  is  formed.  Usu- 
ally, however,  the  lava  forms  a nonerystalline 
rock  called  basalt.  Sometimes  it  cools  so  rap- 
idly that  it  looks  like  glass.  Glass  itself  is  a 
noncrystalline  substance.  One  of  the  black 
lavas,  obsidian,  looks  very  much  like  bottle 
glass. 

Intrusions.  If  the  crack  in  the  crust  does 
not  extend  all  the  way  to  the  surface,  the  mol- 
ten rock  spreads  out  to  form  horizontal  depos- 
its called  intrusions,  as  shown  in  Fig.  9-4.  As 
the  lava  accumulates,  the  overlying  beds  are 
pushed  upward,  so  that  even  mountains  may 
be  formed  in  this  way.  These  large  intruded 
masses  of  molten  rock,  which  may  lie  far  be- 
low the  surface,  cool  very  slowly,  probably 
through  a million  years  or  so.  There  is  ample 
time  for  the  rock  crystals  to  grow  to  a con- 


Fig.  9—4.  An  intrusion.  Molten  lava  has  forced  its 
way  between  the  horizontal  deposits  and  has  arched 
the  overlying  beds  to  form  a dome. 


siderable  size,  sometimes  to  more  than  an  inch 
in  length.  Granite  is  a rock  of  this  type.  If 
you  examine  a piece  of  granite,  you  will  notice 
that  it  contains  three  kinds  of  crystals:  feld- 
spar, which  may  be  gray  or  red;  quartz,  which 
looks  like  glass;  and  probably  mica,  which 
forms  little  black  or  white  plates. 

Wherever  granite  appears  on  the  surface  of 
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Ward’s  Natural  Science  Establishment,  Inc. 
Fig.  9—5.  Granite. 


the  earth,  we  know  that  the  roeks  whieh  at 
one  time  covered  it  have  been  worn  away  by 
a process  called  weathering.  This  process  is 
discussed  in  the  next  chapter.  Granite  is  a 
hard  rock  that  resists  weathering.  It  is  there- 
fore ofteiTusedasbmTdlngTt^e.  Because  of 
the  massive  outcrops  of  granite  in  the  White 
Mountains,  New  Hampshire  is  aptly  called  the 
“Granite  State.” 

Granite  and  lava  are  igneous  rocks;  that  is, 
they  were  originally  molten.  The  word  igne- 
ous, like  ignite,  comes  from  a Latin  word 
meaning  “fire.”  There  are  many  kinds  of  igne- 
ous rocks.  They  make  up  more  than  90  per- 
cent of  the  earth’s  crust. 

Sedimentary  Rocks.  When,  in  the  begin- 
ning, the  crust  of  the  earth  beeame  thick 
enough  to  prevent  internal  heat  from  reaeh- 
ing  the  surfaee,  the  atmosphere  cooled  and 
water  vapor  began  to  condense.  The  at- 
mosphere was  so  heavily  charged  with  water 
vapor  that  rain  fell  in  torrents.  The  water 
eolleeted  in  depressions  in  the  earth’s  crust 
and  formed  rivers  and  seas.  The  rain  and  the 
rivers  gradually  wore  away  the  land,  carrying 
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Fig.  9—6.  Quartz  crystals. 

loosened  partieles  to  the  sea,  where  they  were 
deposited  as  sediment.  This  sediment  formed 
the  first  sedimentary  rocks. 

Sedimentary  roeks,  as  the  name  suggests,  are 
rocks  formed,  for  the  most  part,  from  deposits 
of  sediment  in  water.  Probably  you  have  no- 
ticed that  streams  are  muddy  after  a rainstorm. 
So  long  as  the  stream  is  flowing  it  can  carry 
the  mud,  but  when  it  reaches  a pond  its 
movement  is  checked  and  the  mud  sinks  to 
the  bottom.  On  a larger  scale,  when  a river 
reaches  the  sea,  it  is  slowed  down,  and  the  ma- 
terial suspended  in  it  falls  to  the  sea  floor. 
The  heaviest  material  falls  first,  forming  beds 
of  pebbles  and  gravel.  Lighter  material,  sueh 
as  sand,  is  carried  farther  out  to  sea  before 
being  deposited,  and  the  finest  particles  of  all 
are  carried  to  great  distances  before  they  settle 
to  form  mud. 

In  the  course  of  time  these  deposits  are  com- 
pressed and  cemented  together  to  form  rock. 
The  cement  usually  consists  of  various  miner- 
als that  bind  the  grains  together.  It  may  be 
fairly  easily  dissolved  or  broken,  and  for  this 
reason  sedimentary  rocks  are  eommonly  soft 
and  disintegrate  readily. 

Sedimentary  rocks  are  usually  elassified  ae- 
cording  to  the  size  of  the  fragments  of  whieh 
they  are  made.  Thus  cemented  pebbles  and 
gravel  form  conglomerate;  cemented  sand 
forms  sandstone;  hardened  mud  or  clay  forms 
shale.  Glacial  till  is  an  exception  in  this  classi- 
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Fig.  9—7.  Mount  Rushmore  Memorial,  Black  Hills,  South  Dakota.  The  figures  of  four  of  our 
greatest  presidents — Washington,  Jefferson,  Lincoln,  and  Theodore  Roosevelt — are  carved  out 
of  hard  granite.  The  carving  of  the  figures  took  1 5 years  to  complete;  during  this  time  about 
400,000  tons  of  granite  were  hewn  out  of  the  mountain.  The  head  of  each  figure  is  60  feet  high. 

Rain,  frost,  and  wind  will  gradually  wear  away  the  memorial.  But  geologists  have  estimated 
that  the  extent  of  erosion  will  not  be  more  than  1/16  inch  per  century,  so  it  will  last  for 

thousands  of  years. 


fication  because,  as  we  shall  see  in  the  next 
chapter,  it  consists  of  a variety  of  deposits  laid 
down  by  glaciers. 


Ward's  Natural  Science  Estahlinhment.  Inc. 
Fig.  9 8.  Conglomerate. 
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Limestone  and  Chalk.  Another  type  of  sedi- 
mentary rock  is  formed  by  the  deposit  of  sub- 
stances in  solution,  chiefly  through  the  aid  of 
animals.  Calcium  carbonate  is  an  example. 
Many  shellfish  extract  calcium  carbonate  from 
sea  water  to  build  up  their  hard  shells.  When 
these  fish  die,  the  hard  parts  accumulate  on 
the  sea  floor  to  form  limestone  deposits,  some- 
times hundreds  of  feet  thick.  In  the  course  of 
time  the  rocks  may  be  raised  above  sea 
level  by  earth  movement.  They  then  form  a 
limestone  ridge  or  mountain.  The  structures 
of  these  shellfish  can  sometimes  be  seen  in 
limestone. 

Limestone  is  not  always  formed  from  the 
shells  of  animals,  however.  Much  of  the  cal- 
cium carbonate  in  sea  water  is  simply  depos- 
ited as  the  result  of  a chemical  action.  Such 
limestone  shows  no  trace  of  shell  structure. 

Still  farther  out  at  sea,  far  beyond  the  region 
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of  the  mud  and  the  shellfish,  the  sea  floor  is 
covered  with  other  deposits  whieh  are  chiefly 
the  remains  of  organisms  that  live  in  the  sea, 
Globigerina  are  an  example.  They  are  usually 
microscopie  in  size,  yet  they  may  leave  deposits 
thick  enough  to  form  mountains.  Globigerina 
are  tiny  floating  creatures  with  skeletons^x)f 
lirne  or  calcium  carbonate.  Fig.  9-9  shows  a 
glass  model  of  Globigerina  greatly  enlarged. 
Notice  the  long  spines.  Through  them  the  liv- 
ing animal  took  in  food.  Actually  a Globiger- 
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Fig.  9—9.  Globigerina,  a glass  model  by  Herman 
Mueller. 
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Thick  deposits,  such  as  coral,  can  also  be 
formed  from  the  remains  of  animals  that  live 
on  the  floor  of  the  sea.  Gorals  are  animals 
that  live  in  shallow  water,  and  hundreds  of 
them  grow  from  a central  rocky  stem.  When 
they  die,  the  hard  parts  pile  up  on  the  ocean 
floor,  and  other  corals  live  and  grow  on  the 
skeletons  below.  In  this  way  coral  deposits  of 
great  thickness  are  formed.  Indeed,  whole  is- 
lands, such  as  Bermuda  in  the  Atlantic  and 
Wake  in  the  Pacific,  are  formed  of  coral  de- 
posits. 


Fig.  9—10.  Globigerina  shells  magnified  25  times. 


ina  skeleton  usually  consists  of  several  minute 
spherical  shells,  as  shown  in  Fig.  9-10.  When 
the  animal  dies,  the  spines  break  off  and  the 
shells  accumulate  to  form  the  rock  called  chalk. 
The  Globigerina  shown  in  the  picture  are  part 
of  a deep-sea  deposit.  They  were  magnified 
about  twenty-five  times  when  photographed. 

Ghalk  therefore  has  the  same  chemical  com- 
position as  limestone.  But  since  chalk  was 
formed  in  much  deeper  water  than  limestone, 
it  is  free  from  the  particles  of  sand  and  mud 
often  found  in  limestone. 


From  sedimentary  rocks  the  geologist  learns 
a great  deal  about  the  history  of  the  earth. 
This  will  be  discussed  in  Chapters  11  and  12. 

Metamorphic  Rocks.  Sedimentary  deposits 
have  been  laid  down  ever  since  the  earliest 
streams  carried  material  into  the  fresh-water 
seas,  and  these  deposits  are  still  being  laid 
down.  Sedimentary  rocks  are  formed  in  layers, 
which,  through  the  ages,  may  change  in  na- 
ture. We  may  find,  for  example,  a bed  of 
sandstone  resting  on  shale,  and  this,  in  turn. 
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resting  on  limestone.  But  another  type  of 
change,  one  that  alters  the  nature  of  the  rock 
entirely,  may  take  place. 

Marble.  Let  us  see  what  would  happen  if 
a mass  of  molten  lava,  for  instance,  were  in- 
jected into  layers  of  limestone  or  chalk.  Some 
of  the  limestone  would  react  chemically  with 
the  lava  to  form  new  compounds,  and  some  of 
it  would  simph'  be  melted  by  the  heat  of  the 
intruded  rock.  As  the  melted  limestone  or 
chalk  cooled,  it  would  cr)^stallize,  but  the  new 
cn  stal  structure  would  be  quite  different  from 
that  of  limestone  or  chalk.  All  traces  of  shell 
structure  would  disappear,  and  the  rock  would 
look  more  like  an  igneous  rock  than  like  a sedi- 
mcntaiA’  rock.  Rock  formed  in  this  way  is 
tuarhle.  INIarblc  has  the  same  chemical  com- 
position as  limestone  or  chalk;  it  is  calcium 
carbonate.  It  is  harder,  however,  and  very  dif- 
ferent in  appearance.  It  is  a metamorphic 
rock.  The  word  metamorphic  means  “changed 
in  form.” 


Courtesy  Vermont  Marble  Co. 

Fig.  9—1  1 . A marble  quarry  several  hundred  feet 
deep. 


Courtesy  U.S.  National  Park  Service 


Fig.  9—12,  The  Lincoln  Memorial.  Marble  can  be  carved  and  polished  and  is  therefore  used 

widely  as  a building  stone. 
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Slate.  Shale  also  may  be  ehanged,  or  meta- 
morphosed, by  pressure.  The  particles  turn 
their  flat  faces  in  the  direction  of  the  pres- 
sure, and  the  shale  is  compressed,  altered  in 
chemical  composition,  and  hardened  at  the 
same  time.  In  this  way  slate  is  formed.  Be- 
cause of  this  change  in  structure,  slate  can  be 
split  into  thin  slabs.  For  this  reason  it  is  used 
as  roofing  material.  Many  other  rocks,  even 
igneous  rocks,  also  undergo  metamorphism. 
Granite,  for  example,  may  be  changed  into 
a banded  rock  called  gneiss.  Metamorphic 
rocks  constitute  the  third  and  last  group  in 
the  classification  of  rocks:  (a)  igneous^  {b) 
sedimentary,  and  (c)  metamorphic. 

The  Physical  Features  of  Canada.  If  we 

travel  by  airplane  from  the  east  to  the  west 
coast  of  Canada  at  about  latitude  50°  N.,  we 
see  many  of  the  main  physical  features  of  our 
country.  Over  Newfoundland  we  see  the 
Canadian  Shield  for  the  first  time.  Then,  cross- 
ing the  Strait  of  Belle  Isle  and  the  Gulf  of  St. 
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Lawrence,  we  see  the  Laurentian  Mountains 
rising  from  the  Lowlands  bordering  the  Gulf. 
The  Laurentians  are  really  part  of  the  Cana- 
dian Shield,  which  stretches  from  Quebec 
across  Ontario,  into  Manitoba,  and  northwest- 
ward to  Great  Slave  and  Great  Bear  Lakes.  The 
bedrocks  underlying  this  plateau  are  igneous 
and  metamorphic  and  on  top  are  some  sedi- 
mentary types.  On  a portion  of  the  Shield,  in 
Northern  Ontario,  lies  the  Great  Clay  Belt. 

As  we  travel  westward  we  notice  that  the  na- 
ture of  the  land  changes  in  Manitoba  and 
realize  that  we  are  coming  upon  the  Great 
Plains  which  extend  westward  to  the  Rocky 
Mountains.  These  plains  are  covered  by  a rich 
soil;  here  is  the  granary  of  Canada.  If  we  could 
look  under  this  soil,  we  should  find  belts  of 
sedimentary  rock  and  tertiary  gravel. 

Soon  we  see  the  Rocky  Mountains  towering 
ahead  of  us,  and  we  cross  their  lofty  rugged 
peaks  into  British  Columbia.  West  of  the 
mountains  we  get  the  impression  of  mountain 
ranges  but  actually  we  are  flying  over  a plat- 


Courtesy  Airview  Photos 


Fig.  9-13.  Rich  "black  soil"  area  near  Red  Deer,  Alberta. 
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Fig.  9-14.  The  city  of  Calgary,  and  the  approach  to  the  Rockies. 


Uourtesy  yfiotograpmc  >::>urveys  ( yyesit'ntj, 

Fig  9-15.  Vancouver,  with  part  of  the  coast  range  in  the  background. 
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eau  deeply  entrenehed  and  eroded.  Further 
west,  in  the  Okanagan  Region,  the  impression 
of  a plateau  is  more  elearly-eut.  Here  the 
roeks  are  a eomplex  of  igneous,  metamorphie 
and  sedimentary.  When  we  reaeh  the  Pacific 
Coast  we  again  meet  the  granite  peaks  of  the 
Coastal  Range. 

Geologically  this  has  been  an  exciting  trip, 
and  one  could  ask  many  questions  about  our 
journey.  Why  do  the  mountains  run  north 
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and  soudi  for  the  most  part?  Why  do  we  find 
rugged  peaks  when  the  rocks  are  hard  like 
granite,  and  rounded  ridges  when  the  rocks 
are  soft  like  shale?  Why  do  we  find  sedimen- 
tary rocks  in  the  Prairies  and  igneous  and 
metamorphie  rock  in  the  Rocky  Mountains? 

If  we  knew  the  geologic  history  of  Canada, 
we  could  answer  all  these  questions.  We 
shall,  however,  make  an  effort  to  answer  some 
of  them  in  the  next  chapter. 


THINGS  TO 

The  earth's  interior  is  hot  enough  to  melt 
rocks  at  a depth  of  about  twenty-five  miles. 

The  solid  earth  consists  of  three  zones:  [a)  a 
thin  outer  crust,  (h)  a thick  layer  of  plastic  rock, 
and  (c)  a core  of  iron. 

Lava  is  a volcanic  rock. 

Igneous  rocks  were  once  molten.  Examples 
are  basalt  and  granite. 


REMEMBER  

Sedimentary  rocks  are  usually  deposited  in 
water.  Examples  are  limestone,  shale,  and  sand- 
stone. 

Chalk  and  some  limestone  are  formed  from 
the  shells  of  sea  animals. 

Metamorphie  rocks  are  rocks  that  have  been 
changed  by  heat  and  pressure.  Examples  are 
marble  and  slate. 


QU  ESTIONS 


A 

T . Determine  which  of  the  following  statements 
are  true  and  which  are  false.  Then  correctly 
reword  the  false  ones. 


4.  State  whether  each  of  the  following  rocks  is 
igneous,  sedimentary,  or  metamorphie:  {a) 
obsidian;  {b)  slate;  (c)  gneiss;  (d)  limestone; 
{e)  marble;  (/)  granite;  (g)  shale. 


(a)  Volcanoes  prove  that  the  interior  of  the 
earth  contains  molten  rock. 

(b)  Chalk  is  a sedimentary  rock. 

(c)  Marble  is  an  igneous  rock. 

(d)  Globigerina  are  microscopic  animals  that 
live  near  the  surface  of  the  sea. 

(e)  Slate  is  formed  from  shale  by  metamor- 
phism. 

(f)  An  igneous  rock  is  made  by  fire. 

What  causes  the  holes  in  pumice? 

What  is:  (a)  an  igneous  rock;  (b)  a sedimen- 
tary rock;  (c)  a metamorphie  rock?  Give  an 

example  of  each. 


B 

Explain  how  a geyser  is  formed. 

Explain  how  granite  may  be  formed. 
Explain  how  chalk  may  be  converted  into 
marble. 


8.  State  the  main  physical  features  of  Canada 
that  you  would  encounter  if  you  were  to  fly 
from  east  to  west  at  approximatelv  latitude 
50°  N. 

9.  (a)  How  would  you  distinguish  a piece  of 

granite  from  a piece  of  sandstone? 

(b)  Explain  how  each  of  these  rocks  was 
formed. 


PROJECT 


Collecting  Rocks.  If  you  are  interested  in  geol- 
ogy, you  should  collect  rock  specimens.  Obtain 
different  rocks  and  minerals,  boulders  scratched 
by  glaciers,  rocks  that  show  intrusions  or  folds. 


Identify  and  label  each  specimen  and  record  the 
location  of  each  find.  Catalogue  and  store  the 
specimens. 


THE  CHANGING  EARTH 


Chapter  1 


The  slow  cooling  of  the  plastic  interior  of 
the  earth  has  continued  ever  since  the  crust 
was  first  formed.  The  temperature  of  the  in- 
terior is  probably  as  high  as  it  was  originally, 
and  the  cooling  effect  has  probably  not  ex- 
tended more  than  a few  hundred  miles.  Never- 
theless, cooling  causes  contraction  and,  as  a 
result,  the  crust  is  continuously  getting  too 
large  for  the  layer  below.  This  sets  up  great 
strains  in  the  plastic  interior,  so  that  some 
rock  is  pushed  up  through  the  crust.  Some 
geologists  believe  this  rock  movement  may 
account  for  the  formation  of  mountains. 

If  we  ask  what  causes  mountains,  we  are 
on  controversial  ground.  Scientists  disagree 
on  the  answer.  The  forces  that  raise  moun- 
tains are  not  fully  understood,  and  geologists 
have  several  theories,  in  addition  to  the  cool- 
ing interior,  that  try  to  explain  them.  All 
are  agreed,  however,  that  the  rocks  in  the  in- 
terior are  under  great  stress  and  that  the  slow 
elevation  of  mountains  is  a motion  that  re- 
lieves the  stress.  We  shall  therefore  leave  the 
question  unanswered  and  turn  to  another 
upon  which  we  have  much  more  direct  evi- 
dence: What  causes  mountains  to  wear  away 
or  disintegrate? 

There  is  plenty  of  evidence  to  show  that 
some  parts  of  the  earth  are  being  slowly  ele- 
vated. But  this  process  does  not  go  on  un- 
hindered, for  exposed  rocks  are  attacked  in 
a variety  of  ways— by  rivers,  by  seas,  by  winds, 
by  glaciers— all  of  which  tend  to  wear  them 
down-  This  wearing-away  of  rock  surfaces  and 


the  removal  of  the  loosened  material  is  called 
erosion. 

The  weather  is  responsible  for  considerable 
erosion.  Not  only  storms  and  floods  but  also 
the  day-to-day  wind,  rain,  and  sun  cause 
changes  on  the  earth’s  surface.  In  fact,  weath- 


Courtesy  U.S.  Geological  Survey 


Fig.  10—1.  Weathered  granite. 

ering  is  one  of  the  main  factors  of  erosion. 
Winds,  for  example,  may  pick  up  dust  and 
sand  and.  carry  them  great  distances,  often 
hundreds  of  miles.  The  amount  of  dust  in 
the  air  may  be  very  great.  It  has  been  esti- 
mated that  in  a violent  dust  storm  one  cubic 
mile  of  air  may  contain  more  than  100,000 
tons  of  dust  and  sand. 
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Wind-blown  sand  cuts  and  wears  the  rock 
surfaces  in  much  the  same  way  as  a sandblast 
etches  glass  and  other  hard  substances.  V^d 
erosion  is  most  effective  in  dry  regions,  be- 
cause surface  rocks  are  often  bare  and  un- 
protected by  vegetation.  A desert  region,  for 
instance,  is  largely  the  result  of  wind  erosion. 
Exposed  rocks  are  eroded  by  the  driven  sand 
until  eventually  they  are  destroyed  and  a 


to  split  rocks  apart,  and  the  continued  freez- 
ing and  thawing  process  may  tear  great  chunks 
of  rock  away  from  the  main  rock  mass. 

Even  tree  roots,  which,  in  growing,  enter 
into  small  rock  fissures,  may  exert  enough 
force  to  displace  slabs  of  rock.  If  the  exposed 
rock  is  a cliff  or  steep  mountain  side,  the 
loosened  fragments  will  slide  to  the  base  and 
collect  there.  Such  a pile  of  debris  is  called 


Courtesy  U.S.  Geological  Survey 

Fig.  10—2.  Notice  the  accumulation  of  talus  at  the  base  of  the  cliff. 


nearly  level  plain  covered  by  gravel  and  sand 
is  formed. 

Erosion  by  Heat  and  Cold.  When  exposed 
rock  surfaces  are  heated  by  the  sun’s  rays,  they 
expand.  But  heat  does  not  travel  readily  in 
rock,  so  that  the  under  layers  receive  little 
heat  and  do  not  expand.  Internal  strains  due 
to  the  expansion  of  the  surface  layers  cause 
the  rocks  to  break  off.  As  new  rock  surfaces 
are  exposed,  the  expansion  continues,  and  the 
shelling-off  of  the  outer  layer  proceeds  in- 
definitely. 

Water  often  seeps  into  the  pores  of  rocks 
and  rock  crevices.  As  the  water  freezes  it  ex- 
pands. The  force  of  expansion  is  great  enough 


talus.  Through  the  years  the  accumulations 
may  be  great  enough  to  bury  whole  mountain 
sides. 

Even  the  hardest  rocks  can  be  weathered. 
There  is  evidence  of  weathering  all  around  us. 
For  example,  as  the  years  go  by,  inscriptions 
on  old  buildings,  monuments,  and  tombstones 
fade  and  eventually  become  almost  illegible. 
If  the  carved  lettering  dates  back  to  1850, 
there  are  obvious  signs  of  wear;  if  it  dates  back 
to  1750,  it  may  be  difficult  to  read.  In  the 
course  of  two  hundred  years  the  whole  rock 
slab  may  be  worn  away  to  a depth  of  a quarter 
inch  or  even  half  inch.  If  so  great  a change 
takes  place  within  the  short  space'"Df  two  hun- 
dred years,  what  must  be  the  total  effect  on 
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exposed  rock  surfaces  over  a period  of  millions 
of  years? 

Erosion  by  Running  Water.  Running  water 
is  an  even  more  effective  eroding  agent  than 
wind.  The  source  of  all  river  water  is,  of 
course,  the  rain  that  falls  on  the  land.  The 
annual  rainfall  varies  greatly  from  place  to 
place.  In  the  Nevada  desert,  for  example,  it 
is  about  4 inches;  in  Chicago,  about  30  inches; 
in  New  York,  about  40  inches;  in  New  Or- 
leans, about  60  inches;  and  on  the  southern 
slopes  of  the  Himalayas,  about  100  inches. 
Some  of  this  water  evaporates,  some  sinks 
into  the  ground,  and  some  runs  down  the 
surface  slopes  as  rainwash. 

The  rain  that  soaks  into  the  ground  col- 
lects in  the  spaces  between  the  soil  particles. 
With  more  rain,  the  subsoil  becomes  satu- 
rated; the  water  begins  to  flow,  and  eventually 
it  emerges  as  a streamlet.  The  water  also 
helps  to  break  up  the  rocks  by  dissolving  parts 
of  them.  This  dissolving  action  is  consid- 
erably greater  when  the  water  has  carbon 
dioxide  dissolved  in  it  (see  page  94).  The 
removal  of  the  soluble  parts  makes  the  rocks 
more  porous  and  also  weakens  their  structure 
so  that  they  crumble  more  easily.  Sandstone 
crumbles  to  sand,  and  conglomerate  to  gravel. 
As  a result,  rainwash  is  able  to  erode  the  land. 
For  example,  water  running  off  a plowed  field 
carries  many  particles  of  mud  or  sand. 

But  let  us  return  to  the  emerging  streamlet. 
On  the  surface  it  is  joined  by  other  stream- 
lets so  that  it  grows  until  it  is  big  enough  to 
sweep  along  fine  particles  of  soil.  In  this  way 
the  stream  begins  to  carve  a little  trough  in 
the  land,  which  becomes  larger  as  more  small 
streams  join  the  main  stream.  Eventually  the 
trough  may  become  a gully,  such  as  we  often 
see  on  the  side  of  a hill. 

The  stream  is  now  big  and  fast  enough  to 
carry  along  particles  of  different  sizes.  The 
lighter  materials,  such  as  mud  and  silt,  are  sus- 
pended in  the  water,  but  heavier  materials, 
like  sand  and  pebbles,  are  rolled  along  the  bed 
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of  the  stream.  As  these  larger  particles  are 
swept  along,  they  act  like  sandpaper  and  wear 
the  bed  and  banks  of  the  stream.  Even  the 
hardest  rock  is  worn  in  this  way,  so  that  a river 
gradually  deepens  and  widens  its  bed.  Rain 
and  frost  also  wear  away  the  banks  of  a river, 
and  as  a result  loose  material  is  continually 
falling  into  the  stream. 

It  should  be  observed  that  erosion  by  run- 
ning water  produces  two  different  effects:  (1) 
the  deepening  and  widening  of  the  river  and 
(2)  a general  lowering  of  the  land  in  the  whole 
river  basin.  Geologists  have  estimated  that 
rivers  carry  5,000,000,000  tons  of  mineral  mat- 
ter in  solution  into  the  sea  every  year.  And 
the  amount  carried  down  as  sediment  is  much 
greater.  Erosion  by  running  water  lowers  the 
land  masses  of  whole  continents. 

The  Mississitti.  The  central  midwestern 
plain  from  Ohio  to  Colorado  is  drained 
by  the  Mississippi  River  and  its  tributaries. 
Through  the  eenturies  the  rivers  have  worn 
down  the  entire  region  so  that  it  is  almost 
eompletely  level.  Geologists  have  caleulated 
that  this  plain  of  erosion,  the  work  of  the 
Mississippi,  has  been  in  the  process  of  forma- 
tion for  millions  of  years. 

At  the  present  time  the  Mississippi  Basin 
is  being  lowered  at  the  rate  of  one  foot  in 
about  five  thousand  years.  If  all  the  conti- 
nents were  worn  down  at  this  rate  and  if  there 
were  no  forces  to  offset  the  erosion  of  rivers, 
all  land  areas  on  the  earth  would  be  de- 
stroyed. Fortunately,  however,  as  was  pointed^' 
out  at  the  beginning  of  the  chapter,  other 
forees  raise  land  areas  above  sea  level. 

The  muddiness  of  the  Mississippi  is  prover- 
bial. Mark  Twain  is  supposed  to  have  said  of 
the  Mississippi  River,  “It  is  too  thick  to  navi- 
gate but  too  thin  to  cultivate.”  The  sediment 
carried  by  the  Mississippi  amounts  to  more 
than  500,000,000  tons  a year.  This  enormous 
load,  which  is  stolen  mostly  from  the  fertile 
lands  of  Ohio,  accumulates  as  a fan-shaped 
deposit  in  the  Gulf  of  Mexico  near  the  mouth 
of  the  river.  Such  a deposit  ^ called  a delta 
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because  it  resembles  the  Greek  letter  delta, 
which  is  written  A.  The  Mississippi  Delta, 
one  of  the  largest  deltas  in  the  world,  has  al- 
ready extended  about  a hundred  miles  into 
the  Gulf  of  Mexico. 

The  lower  Mississippi  Basin  is  wide  and 
flat.  During  the  spring  floods  the  river  fre- 
quently overflows  its  banks.  When  the  flood- 
ing waters  meet  the  land,  they  are  slowed 
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lower  regions  against  floods.  The  dams  will 
also  be  used  to  generate  electrieity  for  future 
industries. 

The  Colorado  River.  There  is  no  better 
example  of  river  erosion  than  that  of  the  Gol- 
orado  River,  which  rises  in  the  Rockies  and 
flows  through  Arizona,  Nevada,  and  southern 
Galifornia.  When  the  snow  melts  in  the  Rock- 
ies, the  Golorado  becomes  a rapid,  treach- 


Courtesy  U.S.  National  Fork  bervice 

Fig.  10—3.  The  Grand  Canyon.  Notice  the  narrow  Colorado  River  at  the  bottom  of  the  wide 

canyon. 


down  and  drop  much  of  their  load.  The  sedi- 
ment that  is  deposited  forms  broad  ridges  of 
earth,  or  natural  levees,  along  the  banks  of  the 
river.  To  keep  the  river  within  its  channel  and 
thus  prevent  flooding,  engineers  have  enlarged 
these  natural  levees.  In  spite  of  these  pre- 
cautions, however,  disastrous  floods  still  occur 
in  the  Mississippi  Valley.  However,  a govern- 
ment flood-control  project  is  now  under  way, 
and  dams  are  being  constructed  on  the  tribu- 
taries of  the  Mississippi  to  supply  water  for 
irrigation  in  the  dry  regions  and  to  protect  the 


erous  river,  and  it  has  caused  many  dangerous 
floods. 

In  northern  Arizona  the  swiftly  flowing 
river  has  carved  a deep  canyon  out  of  solid 
rock.  The  Grand  Ganyon  is  a gigantic  trough 
about  200  miles  long,  varying  in  width  from 
4 to  18  miles.  The  river  runs  in  a narrow 
gorge  more  than  a mile  deep.  In  the  gorge 
are  dozens  of  peaks  that  are  taller  than  any 
mountain  east  of  the  Rockies  yet  their  erests 
are  below  the  rim  of  the  canyon. 

By  studying  the  Grand  Canyon,  geologists 
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liave  traced  tire  geological  history  of  the  Col- 
orado Basin.  For  millions  of  years  the  region 
was  covered  b}'  sea.  During  this  time  the 
sandstones,  limestones,  and  shales  were  being 
deposited.  Later  these  sedimentary  rocks  were 
raised  above  sea  le\’el,  and  the  Colorado  River 
then  began  its  life  as  a mountain  stream  flow- 
ing from  the  Rockies  to  the  Gulf  of  Califor- 
nia. In  making  the  canyon,  the  river  first  cut 
its  way  through  about  4,000  feet  of  sedimen- 
tnrv  rocks  consisting  of  red  sandstone,  white 
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are  covered  by  perpetual  snow.  The  upper 
layers  of  snow  compress  the  lower  layers  into 
ice,  and  at  the  same  time  force  some  of  the 
ice  to  flow  to  a lower  level.  This  river  of  ice 
is  called  a glacier. 

As  a glacier  moves  slowly  down  a mountain, 
it  gouges  rock  fragments  out  of  the  sides.  The 
fragments  may  fall  to  the  bottom  of  the  gla- 
cier and  become  frozen  there;  they  scratch 
and  wear  the  floor  and  sides  of  the  valley  as 
the  glacier  moves  along.  The  sand,  pebbles. 


Courtesil  Alberta  Governaient 

Fig.  10-4.  Athabaska  Glacier  and  Columbia  Ice  Fields. 


limestone,  and  gray-blue  shale.  Then  it  carved 
a gorge  about  1,000  feet  deep  in  the  igneous 
rocks  that  lie  below  the  shale.  The  Colorado 
River  flows  through  some  very  dry  regions  that 
must  be  irrigated  in  order  to  make  the  land 
fertile.  At  a number  of  places  along  its 
course  dams,  such  as  the  Hoover  Dam,  have 
been  built  to  hold  back  the  waters  in  times 
of  flood  and  to  store  them  for  irrigation. 

Glaciers.  In  some  regions  of  the  earth  not 
all  the  snow  that  falls  during  the  winter  melts 
during  the  following  summer.  These  regions 


and  boulders  that  result  from  this  abrasion 
also  move  along  with  the  glacier. 

As  the  valley  is  gouged  wider  and  deeper 
the  walls  are  cut  and  the  sides  of  the  moun- 
tain may  fall  on  the  glacier.  Thus,  enormous 
boulders  as  well  as  much  loose  material  gather 
on  the  surface  of  the  glacier  and  move  with 
it. 

As  the  glacier  reaches  lower  altitudes,  where 
the  climate  is  warmer,  it  melts  and  deposits 
material  to  form  a terminal  moraine.  The  gla- 
cier may  continue  to  melt  in  the  same  region 
for  many  centuries.  The  deposit  may  there- 
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fore  become  hundreds  of  feet  thick.  Glacial 
deposits  formed  in  this  way  are  eommon 
throughout  mueh  of  the  northern  part  of 
Canada.  They  ean  easily  be  reeognized  be- 
cause the  boulders,  pebbles,  and  clay  are  all 
mixed  together;  they  do  not  form  layers  as  in 
sedimentary  rocks. 

Glaciers  are  found  mostly  in  the  Hima- 
layas, Andes,  and  Alps.  In  the  United  States 
they  are  rare;  there  are  some  in  the  higher 
peaks  of  the  Cascade  Mountains  in  Oregon 
and  Washington.  Farther  north,  however,  in 
British  Columbia  and  Alaska,  there  are  a 
great  many.  The  largest  of  these  glaciers  are 
in  Alaska,  some  being  40  miles  long  and  1,000 
feet  thick.  Many  of  them  reach  the  sea,  break 
up,  and  float  away  as  icebergs. 

The  glaciers  we  have  just  described  are 
called  valley  glaciers.  Another  type  of  glacier, 
known  as  a continental  glacier^  is  an  ice  sheet 
that  covers  a wide  area.  Most  of  Greenland, 
for  instance,  is  covered  by  an  enormous  con- 
tinental glacier  more  than  a mile  thick. 

There  is  much  evidence  to  show  that,  in  a 
relatively  recent  geological  period,  glaciers 
covered  large  areas  of  northern  Europe  and 
North  America.  During  the  Ice  Age  the 
whole  of  Canada  was  covered  by  ice  that 
extended  as  far  south  as  New  York  City.  In- 
deed, Long  Island  is  an  enormous  moraine. 
In  the  region  of  New  York  City  one  can  find 
rocks  polished  and  scratched  by  glacial  action, 
and  there  are  also  numerous  glacial  deposits 
in  the  New  England  states.  /- 

j/ 

Chemical  Weathering.  The  wearing  of  rocks 
by  impact  or  pressure  is  usually  called  mechan- 
ical weathering.  Wearing  due  to  the  reaction 
of  carbonic  acid  and  rock  material  is  called 
chemical  weathering.  Carbon  dioxide  dissolves 
in  water  to  form  rnrhorijr  arid  Although 
this  is  a weak  acid  that  dissolves  rocks  very 
slowly,  the  total  effect  over  a long  period  of 
time  may  be  enormous.  Such  rocks  as  hiTie=, 
ston£.jor  marble  are  especially  subject  to  chem- 
ical weathering,  whereas  rocks  like  shale, 
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quartz,  and  basalt  are  worn,  for  the  most  part, 
by  mechanical  weathering. 

Limesto^  rocks  are  particularly  affected  by 
Carbonic  aci3)  As  the  water  containing  carbon 
dioxide  trickles  slowly  along  the  joints  of 
limestone  rocks,  the  rock  is  dissolved;  the 
joint  becomes  a crack,  and  the  crack  even- 
tually becomes  so  large  that  it  forms  a cave 
or  cavern.  Carlsbad  Caverns  in  New  Mexico, 


Courtesy  Union  Pacific  Railroad 

Fig.  10-“5.  A natural  bridge  in  the  weathered  rocks 
in  Bryce  Canyon  National  Park. 


Mammoth  Cave  in  Kentucky,  and  other  large 
caverns  have  been  formed  in  this  way,  that 
is,  by  the  dissolving  power  of  running  water. 

Stalactites  and  Stalagmites.  Among  the 
most  impressive  features  of  limestone  caverns 
are  the  long  “icicles”  of  stone,  called  stalac- 
tites, that  are  suspended  from  the  ceiling,  and 
the  broader  deposits,  called  stalagmites,  that 
rise  from  the  floor.  As  the  surface  water  seeps 
through  the  limestone  it  dissolves  some  of  the 
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^calcium  carhona^e^Whcn  the  water  reaehes 
the  eeiling  of  the  cavern,  it  clings  there,  form- 
ing droplets.  Then  the  water  evaporates,  the 
carbon  dioxide  escapes,  and  some  of  the  cal- 
cium carbonate  remains  deposited  on  the  ceil- 
ing. If  this  process  is  continued  over  a long 
period  of  time,  the  deposit  grows  into  a sta- 
lactite. Some  of  the  water  that  seeps  through 
the  rock  falls  to  the  floor  of  the  cavern  and 
cx’aporates  there.  In  this  way  a stalagmite  is 
started.  A stalagmite  grows  upward;  and,  if 


Courtesy  Santa  Fe  Railway 

Fig.  10—6.  Stalactites  and  stalagmites  in  the  Carls- 
bad Caverns. 


the  process  continues  long  enough,  a stalac- 
tite and  a stalagmite  may  join  to  form  a 
column. 

Action  of  the  Sea.  The  sea  is  also  a power- 
ful eroding  agent,  particularly  along  the  shore 
line.  During  storms  the  waves  hurl  sand,  peb- 
bles, and  even  large  boulders  against  cliffs 
with  great  violence.  As  a result  the  cliffs  are 
weakened  and  parts  of  them  may  collapse 
upon  the  beach.  The  rock  fragments  are  then 
constantly  rolled  back  and  forth  by  the  waves 
so  that  they  are  worn  and  rounded  to  form 
pebbles,  and  the  pebbles  may  eventually  be 
further  ground  to  sand. 


Destructive  Effects  of  Erosion.  Such  nat- 
ural features  of  the  earth  as  the  broad  plains, 
the  rounded  hills,  the  rugged  mountains,  and 
even  the  sparkling  waterfalls  are  nearly  all 
caused  by  erosion.  But  we  must  remember 
that,  while  erosion  is  responsible  for  our  mag- 
nificent scenery,  it  also  slowly  destroys  the 
land  mass.  Indeed,  it  has  completely  erased 
whole  mountain  chains  and  washed  away  con- 
tinental areas.  The  material  taken  from  the 
land  is  carried  to  the  sea,  where  it  is  again 
compressed  into  rock  layers.  In  the  course 
of  time  these  deposits  may  be  uplifted  to 
make  new  lands;  and  these,  in  turn,  will  be 
attacked  by  the  forces  of  erosion.  Thus  the 
cycle  goes  on  indefinitely. 

Soil  and  Its  Conservatioi^  If  you  travel 
across  the  country,  you  will  notice  that  the 
natural  plant  growth  changes  from  place  to 
place.  In  one  place  there  may  be  pine  and 
fir;  in  another,  maple;  in  another,  oak;  and 
in  still  another,  rhododendron.  Why  do  these 
differences  exist?  They  are  due  largely  to 
differences  in  the  chemical  composition  of 
soils. 

If  the  bedrock  is  almost  horizontal,  the 
small  fragments  remain  on  the  surface  and  in 
time  are  weathered  to  particles  that  form  soil. 
But  soil  is  not  merely  disintegrated  rock. 
Living  microscopic  organisms,  called  bacteria, 
bring  about  chemical  changes  in-the-soiTthat- 
make  it  possible  for  plants  to  live.  The  soil 
is  also  enriched  by  the  remains  of  vegetation 
that  has  lived  and  died  there.  Animals,  such 
as  earthworms,  tunnel  in  the  soil  and  thus 
permit  air  and  water  to  reach  the  soil  particles. 

Limestone  rocks,  for  example,  contain  in- 
soluble impurities  such  as  clay.  After  the  rains 
have  dissolved  the  lime,  the  clay  remains  to 
form  soil.  In  the  Appalachian  valleys  the  soils 
above  the  limestones  are  rich,  whereas  those 
above  the  shales  are  poor. 

The  depth  of  soil  varies  considerably,  de- 
pending on  the  slope  of  the  ground  and 
other  factors.  In  the  temperate  zones  of  the 
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Courtesy  U.S.  Soil  Conservation  Service 
Fig.  1 0— 7A.  An  approaching  dust  storm. 


earth  the  soil  usually  ranges  from  two  to  five 
feet  in  thiekness,  although  the  rieh  topsoil  is 
seldom  more  than  a foot  deep. 

Soil  is  one  of  the  natural  resourees  of  the 
earth.  Without  it  plants  would  not  grow,  and 
without  plants  animals  could  not  live. 

F.rosion.  Where  land  is  cultivated  or 
laid  bare  by  the  destruction  of  forests,  rain 
and  wind  can  cause  rapid  erosion  of  the  soil. 
Unless  this  is  halted,  it  may  result  in  losses 
that  cannot  be  recovered.  Before  our  Mid- 
west was  settled,  the  prairies  were  covered  by 


Courtesy  U.S.  Soil  Conservation  Service 

Fig.  1 0— 8A.  A badly  eroded  pasture  showing  the 
deep  gully  formed  by  the  rapid  runoff  of  surface 
water  after  a rainstorm, 


Courtesy  U.S.  Soil  Conseivation  Service 


Fig.  10— 7B.  Destruction  of  farmland  caused  by  a 
dust  storm  such  as  that  pictured  in  Fig.  1 0— 7A. 

native  grasses.  Once  the  grass  was  removed, 
the  topsoil  was  exposed  to  high  winds  which, 
in  these  arid  regions,  have  a highly  destruc- 
tive effect.  Dust  storms  arise  in  the  '‘Dust 
Bowl”  of  Kansas,  Oklahoma,  Texas,  and  Col- 
orado. In  1934,  after  a long  drought,  violent 
dust  storms  caused  great  and  widespread  dam- 
age. It  is  estimated  that  more  than  300,000,- 
000  tons  of  topsoil  were  blown  away  to  the 
east,  and  much  of  it  was  lost  in  the  Atlantic 
Ocean. 

The  destruction  of  soil  by  erosion  is  due 


Courtesy  U.S.  Soil  Conservation  Service 


Fig.  10— 8B.  The  same  pasture  illustrated  in  Fig. 
1 0— 8A  several  years  after  trees  and  shrubs  were 
planted  to  control  the  runoff  of  surface  water.  Note 
that  the  erosion  has  been  completely  halted. 
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largely  to  poor  farming  and  lumbering  prac- 
tices. The  annual  loss  of  plant  nutrients 
washed  out  of  the  soil  by  erosion  is  six  times 
the  amount  used  by  the  plants.  In  the  United 
States  alone  thousands  of  square  miles  of  good 
farmland  have  been  ruined  by  soil  erosion. 

Methods  of  Soil  Conservation.  Canada  and 
the  U.S.  arc  now  trying  to  halt  soil  erosion  by 
C()nscr\ation.  The  lands  that  suffer  most  are 
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face  water  in  order  to  reduce  erosion.  Three 
methods  are  used— terracing,  cojitour  plow- 
ing, and  strip  cropping.  The  method  used 
depends  on  local  conditions. 

T erracing  prevents  erosion  by  breaking  up 
a long  slope  into  a number  of  shorter  and 
gentler  ones.  It  is  the  oldest  and  most  effec- 
tive method  of  soil  conservation.  It  was  used 
by  the  Incas  in  Peru,  and  the  Chinese  have 


Courtesy  U.S.  Soil  Conservation  Service 

Fig.  10—9.  This  remarkable  photograph  shows  the  terracing  of  a steep  valley  in  Lebanon,  Syria. 


those  with  a marked  slope.  The  steeper  the 
slope  the  greater  the  speed  of  the  surface 
waters  after  a rainstorm,  and  the  greater  the 
loss  of  soil.  Gullies  form  easily  on  sloping 
land;  a single  thunderstorm  may  form  gullies 
two  feet  deep.  Unless  checked,  they  grow  at 
a rapid  rate,  carrying  away  much  of  the  fer- 
tile land. 

The  problem  of  soil  conservation  is  not 
simple.  The  aim  is  to  check  the  speed  of  sur- 


used  it  for  centuries.  In  terracing,  the  slope 
is  changed  to  a series  of  steps  held  in  place 
by  retaining  walls.  Retaining  walls  are  ex- 
pensive, however,  and  instead  parallel  earth 
ridges  are  often  built  across  the  slope. 

In  1813,  Thomas  Jefferson  wrote  to  a friend 
concerning  his  farm  in  Virginia:  “Our  coun- 
try is  hilly  and  we  have  been  in  the  habit  of 
plowing  straight  rows,  whether  up  or  down 
hill.  Our  soil  is  rapidly  running  into  the 
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rivers.  We  now  plow  on  dead  level,  following 
the  curvature  of  the  hills.  Every  furrow  acts 
as  a reservoir  to  retain  waters,  all  of  which  go 
into  the  growing  plant  instead  of  running  off 
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of  dams  that  hold  the  water,  giving  it  time  to 
soak  into  the  soil. 

Sometimes  rows  of  crops,  such  as  corn,  po- 
tatoes, and  tobacco,  are  alternated  with  rows 


Courtesy  U.S.  Soil  Conservation  Service 

Fig.  10—10.  Contour  strip  cropping  on  sloping  land.  Note  the  alternate  belts  of  grain  and 
clean  tilled  crops  along  the  contour  of  the  slope. 


into  streams.”  This  is  known  as  CQiTiQm.  plQW- 
ijlg.  Furrows  are  made  around  the  slope,  not 
up  and  down;  that  is,  they  follow  the  con- 
tour of  the  hill.  The  furrows  make  a series 


THINGS  TO 

Erosion  is  the  wearing-away  of  rock  surfaces 
and  the  removal  of  the  loosened  material. 

Running  water  and  glaciers  are  important 
eroding  agents. 

Mechanical  weathering  is  the  wearing-away  of 
rocks  by  impact;  chemical  weathering  is  due  to 
the  solvent  action  of  carbonic  or  other  acids. 

Caves  and  caverns  are  formed  by  chemical 
weathering. 

Stalactites  and  stalagmites  are  “icicles”  of 


of  grain  crops.  Grains  have  fibrous  roots  that 
grow  close  together  and  do  not  allow  the 
water  to  run  off.  This  alternation  of  types  of 
plants  is  called  strip  cropping. 


REMEMBER  

stone  formed  in  limestone  caverns.  Stalactites 
hang  from  the  ceiling;  stalagmites  rise  from  the 
floor. 

Soil  results  from  the  disintegration  of  rock 
and  the  subsequent  activity  of  plant  and  animal 
life. 

Topsoil  is  eroded  where  it  is  exposed  on  un- 
protected surfaces. 

Terracing,  contour  plowing,  and  strip  cropping 
are  methods  of  soil  conservation. 
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A 

1.  Determine  vvhieh  of  the  following  state- 

C/  inents  are  true  and  wliieli  are  false.  Then 

eorreetly  reword  the  false  ones. 

{a)  Mountains  are  formed  by  the  eooling 
of  the  earth’s  interior. 

{b)  The  expansion  and  eontraetion  of  roeks 
eaiise  weathering. 

(c)  Talus  is  a pile  of  debris  at  the  base  of 
a eliff. 

(d)  A moraine  is  roek  waste  from  the  bot- 
tom of  a glaeier. 

(e)  Glaeiers,  in  past  ages,  have  reaehed  the 
latitude  of  New  York  City. 

(/)  Soil  is  disintegrated  roek. 

(g)  Terraeing  is  one  method  of  eonserving 
the  soil. 

2.  Name  three  methods  by  whieh  roek  surfaees 
may  be  weathered. 

3.  Explain  the  terms:  {a)  delta;  (b)  moraine; 
(c)  talus;  (d)  eontour  plowing. 


B 

4.  Name  four  agents  that  eause  erosion. 
Whieh  is  the  most  effeetive?  Why? 

5.  What  are  the  main  differenees  in  the  ero- 
sion eaused  by  the  Colorado  and  Missis- 
sippi rivers? 

6.  "A  river  gradually  widens  and  deepens  its 
. bed.”  Explain  earefully  what  this  statement 

means. 

■ 7>  What  is  a glaeier?  How  does  it  aet  as  a 
^ transporting  agent? 

18.  What  is  soil?  How  is  it  formed? 

V.  Explain  the  need  for  soil  eonservation  and 
diseuss  one  method  that  is  praetieed  for  this 
7'  purpose. 

TOy  What  are  stalaetites  and  stalagmites?  How 
^ are  they  formed? 

1 1 . What  is  the  differenee  between  ehemieal 
and  mechanieal  weathering?  Cive  an  ex- 
ample of  eaeh. 

12.  By  a study  of  a map,  note  the  signifieanee 
of  the  glaeier  shown  in  Fig.  10-4  as  a souree 
of  rivers.  What  streams  does  it  feed? 


chapter 
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If  you  look  at  the  rocks  in  the  cut  side  of 
a hill  or  quarry,  you  may  notice  that  they  are 
arranged  in  layers,  or  strata.  This  is  charac- 
teristic of  sedimentary  rocks,  which  were  laid 
down  in  horizontal  layers.  When  a river  de- 
posits its  load  of  sediment,  it  does  not  dump 
all  the  material  in  the  same  place  on  the  sea 
floor.  We  learned  in  Chapter  9 that  there  is 
a sorting  of  the  deposits  according  to  their 
size.  As  the  speed  of  the  running  water  is 
checked,  the  first  load  to  be  dropped  gravel; 
as  it  is  further  slackened.<^^kmd!  is  dropped; 
and,  final ly.^Tpud  is  deposited  far  out  at  sea. 


Suppose,  now,  that  for  some  reason,  such  as 
spring  rains,  the  velocity  of  the  river  changes. 
As  the  speed  is  increased,  the  materials  in  the 
river  are  carried  farther  out  to  sea  before  being 
deposited.  Each  new  deposit  will  therefore 
have  a different  texture  from  that  of  the  old 
one  beneath  it.  These  deposits  form  in  layers 
called  strata,  and  sedim.entary  rocks  are  called 
stratified  rocks.  Differences  between  strata 
may  also  be  caused  by  differences  in  the  load 
carried  by  the  stream.  Strata  may  be  only 
one-tenth  of  an  inch  thick  or  several  feet 
thick. 


Fig.  11—1.  Alternate  beds  of  limestone  and  shale. 
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Courtesy  Canadian  National  Railways 

Fig.  11—2.  These  sedimentary  rocks  were  laid  down  horizontally  but  they  have  been  tilted  by 
earth  movement  so  that  the  beds  are  almost  vertical. 


Courtesy  U.S.  Geological  Survey 


Fig,  1 1—3.  Folded  sedimentary  rock. 
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Courtesij  U.S.  Geological  Survey 

Fig.  1 1-4.  A fault. 


Folds  and  Faults.  Although  sedimentary 
roeks  were  laid  down  horizontally,  they  are 
often  tilted  and  sometimes  bent.  The  bending 
is  caused  by  the  tremendous  pressure  exerted 
upon  the  rocks  during  the  movements  of  the 
earth’s  crust.  The  process  of  bending  rocks  is 
usualf^alle^_f2i^ij;i^.  Folds  are  sometimes  so 
large  that  a single  bend  may  extend  for  sev- 
eral miles;  or,  on  the  other  hand,  they  may  be 
so  small  that  several  folds  may  be  observed  in 
the  same  cliff  or  quarry. 

Sometimes  pressure  causes  rock  layers  to 
break  so  that  on  one  side  of  the  break  all  the 
layers  slide  up  or  down.  Thns  each  layer  on 


one  side  of  the  break  is  on  a different  level 
from  the  same  layer  on  the  other  side  (see  Fig. 
11-4).  This  is  kiiow^^  fault. 

The  Appalachians.  The  Appalachian  Moun- 
tains are  made  of  sedimentary  rocks.  Their 
strata  have  been  sharply  folded  and  faulted  by 
pressure  exerted  from  the  southeast  toward 
the  northwest.  This  explains  the  northeast- 
southwest  line  of  the  range.  The  tops  of  the 
folds  have  been  cut  away  by  erosion,  but  the 
bottoms  are  deeply  buried  and  protected  from 
erosive  forces. 

Not  all  strata  are  equally  resistant  to 
erosion.  Hard  sandstone,  softer  shale,  and 
slightly  soluble  limestone  vary  in  their  pro- 
portions in  successive  layers.  After  the  folding 
took  place,  the  upturned  edges  of  all  these 
rocks  were  eroded,  but  the  softer  shale  was 
eroded  much  faster  than  the  sandstone,  and 
the  limestone  was  dissolved  away.  As  a re- 
sult, the  edges  of  the  upturned  sandstone  now 
form  the  peaks  and  ridges  of  the  Appalach- 
ians, and  the  shale  and  limestone  are  generally 
found  in  the  valley  bottoms. 

Many  questions  might  be  asked  concerning 
geological  history,  that  is,  the  history  of  the 
earth.  We  can  find  the  answers  in  the  records 
of  past  ages  as  they  are  written  in  the  rocks. 
Such  a history  is  not  nearly  so  definite  as  hu- 
man history,  but  the  stories  have  much  in 
common. 

Human  History.  If  we  wish  to  learn  some- 
thing of  man’s  life  on  the  earth,  we  read  his- 
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Fig.  1 1-5.  Section  in  Crowsnest  Pass  to  show  the  structural  relations  of  the  Kootenay  Coal 
measures  (black);  horizontal  distance  represented  is  about  10  miles;  Cf  Flathead  quartzite 
(Cambrian),  Dm  Minnewanka  limestone,  Cb  Banff  Shale,  Ctk  Kootenay  coal  measures,  Ctb 
Blairmore  sandstone,  Cta  Alberta  shale,  Ctbr  Belly  River  sandstone;  note  the  synclinal  struc- 
ture of  the  coal  basins. 
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tory.  The  historian  has  many  records  to  cover 
the  immediate  past,  but  the  further  back  he 
goes  the  fewer  are  the  records,  until  eventually 
there  are  no  written  records  at  all. 

In  the  beginning  man  was  a savage.  He  had 
no  form  of  language,  and  his  living  was  not 
much  better  than  that  of  the  beasts  among 
which  he  lived.  He  had  to  obtain  food  and 
protect  himself  against  wild  animals  with  his 
bare  hands.  He  ate  his  food  raw  because  he 
had  not  learned  to  build  a fire.  After  several 
hundred  thousand  years  of  this  savage  life,  he 
learned  to  make  a fire  to  frighten  wild  beasts. 
He  also  learned  to  make  spears  that  gave  him 
an  advantage  over  animals.  When  he  dis- 
covered that  he  could  use  the  ragged  edge  of  a 
broken  stone  for  cutting  things,  he  was  able 
to  shape  stones  into  tools  and  weapons.  Man 
had  then  entered  what  we  now  call  the  Stone 
Age. 

Stone  tools  and  weapons  as  well  as  the  re- 
mains of  early  man  and  mammals  are  found 
in  the  same  rock  strata.  These  are  the  clues 
that  give  us  information  about  the  life  of 
early  man  long  before  any  written  records  were 
made;  they  are  records  in  the  rocks. 

Although  our  written  records  of  human  life 
on  the  earth  go  back  only  about  5,000  years, 
the  records  in  stone  show  that  man  has  existed 
for  about  1,000,000  years.  Geologists  believe 
that  the  earth  is  at  least^2,000,000,000  years 
old.  Compared  with  these  figures,  the  length 
of  recorded  history  is  very  small.  A good  way 
to  compare  these  periods  is  by  the  following 
analogy:  If  we  represent  the  age  of  the  earth 
by  the  height  of  the  Empire  State  Building  in 
New  York  (1,250  ft.),  then  a dime  placed  on 
top  of  the  tower  will  represent  the  length  of 
recorded  human  history. 

Earl-h  History.  Just  as  we  find  out  about  an- 
cient man's  life  on  the  earth,  so  we  can  learn 
much  about  the  history  of  the  earth  itself. 
How  long  have  living  things  existed  on  the 
earth?  Did  animals  exist  before  plants,  or 
vice  versa?  What  were  the  earliest  animals 


like?  These  and  many  other  questions  come 
to  mind  when  we  think  of  the  earth’s  history. 

In  order  to  answer  these  questions,  the 
geologist  reads  the  records  in  the  rocks  of  the 
earth’s  crust.  He  looks  for  clues  like  a detec- 
tive working  on  a criminal  case.  He  compares 
the  clues  he  finds  in  one  region  with  those  he 
finds  in  another.  When  he  puts  the  evidence 
together,  he  has  considerable  information 
about  the  climate  in  different  geologic  periods 
and  about  life  as  it  developed  on  the  earth 
ages  ago. 
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Fig.  1 1—6.  A is  a more  recent  bed  than  B,  and  B is 
more  recent  than  C. 

A great  deal  of  geological  history  can  be  ob- 
tained from  the  position  of  rock  strata.  As  we 
look  at  a series  of  exposed  sedimentary  rocks 
consisting  of  beds  of  shale,  sandstone,  and 
limestone  we  see  the  following  picture:  Shales 
were  once  muds  that  were  carried  by  rivers 
and  laid  down  in  a fairly  shallow  sea;  sand- 
stones were  once  the  loose  sand  of  beaches  or 
deposits  laid  down  near  the  shore;  limestones 
are  composed  mostly  of  the  broken  remains 
of  animals  or  of  calcium  carbonate  precipi- 
tated from  solution  in  shallow  waters. 

But  this  is  not  the  onlv  information  we  can 
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Fig.  1 1—7.  The  rock  strata  have  been  folded  and  the  surface  rocks  eroded. 


obtain  by  examining  a series  of  bedded  rocks. 
Geologists  have  learned  that  the  youns.er  beds 
of  rock  rest  upon  the  older  beds.  This  is  true 
of  all  the  sedimentary  rocks  in  the  world,  and 
it  has  enabled  geologists  to  compare  rocks  in 
widely  different  regions.  The  illustration  of 
the  horizontal  rock  strata  in  Fig.  11-6  shows 
that  the  uppermost  layer,  A,  is  the  most  recent; 
the  second  layer,  B,  was  deposited  earlier  than 
the  top  layer.  A,  but  later  than  the  third 
layer,  C. 

Now  let  us  turn  to  the  other  part  of  that 
same  figure,  which  shows  rock  strata  that  have 


been  tilted.  Again  it  is  clear  that,  since  the 
older  beds  lie  underneath  the  younger  ones, 
the  oldest  beds  are  on  the  right  of  the  diagram, 
whereas  the  youngest  are  on  the  left.  In  other 
words,  we  can  go  through  rock  layers  just  as 
we  can  turn  backwards  through  the  pages  of 
a diary— from  recent  records  to  older  and  still 
older  records. 

An  Unconformity.  In  some  areas  strata  of 
great  thickness,  even  thousands  of  feet,  show 
that  the  sediments  were  deposited  under  the 
same  conditions  for  a long  period  of  time. 
Such  strata  may  be  tilted  and  folded.  Suppose 


Fig.  1 1—8.  Recent  horizontal  beds  rest  unconformably  upon  the  older  beds. 
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that  in  a later  period  the  rocks  arc  raised  by 
earth  movement  above  sea  level  so  that  they 
form  dr\’  land.  The  exposed  rock  surfaces  are 
then  weathered  and  worn  by  running  water 
and  other  agents  of  destruction.  In  the  course 
of  time  the  worn  strata  may  look  like  those 
shown  in  Fig.  11-7.  If,  at  a still  later  period, 
the  rocks  are  again  lowered  below  sea  level,  a 
fresh  scries  of  strata  will  be  laid  down  as  hori- 
zontal beds  on  to]5  of  them,  as  shown  in  Fig. 


long  the  period  of  submergence  or  erosion 
was,  he  needs  further  evidence.  This  evidence 
he^mHr  iirf  ossils . 

Fossils.  If  you  examine  a sedimentary  rock, 
you  may  find  seashells  embedded  in  it.  These 
shells  are  the  remains  of  animals  that  lived 
ages  ago.  They  are  called  fossils.  The  term 
fossil  has  several  meanings.  Some  fossils  are 
the  bones  or  shells  of  animals;  others  are  the 
impressions  of  shells  left  in  rocks  after  the 
shells  have  been  dissolved;  and  others,  again, 
are  the  imprints  of  leaves  or  the  footprints  of 
animals. 
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Fig.  1 1—9,  Fossil  trilobite  embedded  in  rock. 

11-8.  The  line  of  separation  between  the 
newer  and  the  older  beds  is  called  an  uncon- 
formity. 

Unconformities  are  common.  They  are  im- 
portant clues  to  geological  history  because  an 
unconformity  indicates  a lapse  of  time  be- 
tween the  folding  of  the  lower,  or  older,  rocks 
and  the  depositing  of  the  upper,  or  younger, 
rocks.  Thus  they  help  geologists  to  determine 
the  sequence  of  events  in  geological  history 
by  showing  the  relative,  ages  of  various  rocks. 
If,  howler,  a geologist  wishes  toTcnow  how 

THINGS  TO 

Sedimentary  rocks  are  usually  made  up  of 
strata,  which  may  be  bent  or  folded. 

Sediments  deposited  in  water  are  usually 


Relatively  Few  animals  become  fossilized, 
since  most  of  them  are  either  devoured  by 
other  animals  or  die  and  decay  in  the  open 
air.  An  animal,  or  part  of  it,  can  be  preserved 
only  if  it  is  protected  against  the  chemical 
effects  of  air  by  quick  burial  in  something  like 
sand  or  mud  or  ice.  For  this  reason  fossils  of 
land  animals  are  relatively  scarce.  In  the  sea, 
however,  conditions  for  the  preservation  of 
some  part  of  an  animal  are  more  favorable. 
When  a sea  animal  dies,  it  sinks  to  the  sea 
floor.  The  soft  parts  decompose,  but  the  hard 
shell  may  be  covered  by  sediment  before  the 
sea  water  has  seriously  affected  it.  The  shell 
then  becomes  a fossil  in  the  sedimentary  rock. 

REMEMBER  

sorted  according  to  the  size  of  the  particles. 

A fault  is  formed  when  rock  layers  break  and 
slide  up  or  down  along  a break. 


Ward’s  Natural  Science  Establishment,  Inc. 
Fig.  1 1 — 10.  Fossils  showing  curved  segments. 


106 

The  age  of  sedimentary  strata  can  be  found 
from  their  position  and  from  the  fossils  they  con- 
tain. 

Younger  beds  of  sedimentary  rock  rest  upon 
older  beds. 
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An  unconformity  is  an  irregular  line  of  separa- 
tion between  newer  and  older  beds. 

Fossils  are  bones  or  shells  or  impressions  of 
animals  or  plants  that  lived  in  past  ages. 


A 


QUESTIONS 


B 


Explain,  giving  diagrams:  (a)  folding;  {b) 
faulting. 

2.  Fossils  are  not  found  in  igneous  rocks.  Why 
not? 

3.  Suppose  a layer  of  limestone  rests  upon  a 
layer  of  shale.  Which  is  probably  the  older? 
Why? 


& 
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Explain  the  causes  of  the  structure  of  the 
Appalachian  Mountains. 

What  is  an  unconformity?  What  informa- 
tion does  it  give  to  historical  geologists? 
What  do  the  following  tell  us  about  the 
history  of  the  earth : (a)  order  of  rock  layers; 
(h)  fossils? 


PROJECT 


Searching  for  Folds  and  Faults.  If  there  are  any 
cliffs  or  quarries  in  your  neighborhood,  examine 
them  to  see  if  the  rocks  are  folded  or  faulted. 
Trace  the  strata  across  the  fold.  If  there  is  a 


fault,  look  carefully  for  matching  strata.  If  the 
rocks  are  sedimentary,  look  for  igneous  intru- 
sions. If  they  are  glacial,  notice  the  absence  of 
sorting. 
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Many  times  through  the  ages  great  floods, 
which  lasted  for  millions  of  years,  have  cov- 
ered large  portions  of  the  earth.  Some  parts 
of  the  earth  were  submerged,  or  covered 
with  water,  and  others  were  not.  The  whole 
of  Europe,  for  instance,  was  flooded  several 
times  while  large  areas  of  North  America  re- 
mained dry. 

During  the  periods  of  submergence,  deposits 
were  laid  down  and  fossils  collected  in  the 
beds.  Flooding  was  followed  by  an  elevation 
of  the  land,  and  the  forces  of  erosion  then 
came  into  action.  When  the  land  was  again 
submerged,  the  new  deposits  formed  an  un- 
conformity with  the  old  ones.  The  fossils  in 
these  new  deposits  usually  show  that  the  ani- 
mals changed  greatly  in  structure,  and  some 
even  became  extinct. 

Geological  time  is  divided  into  five  great 
eras: 

Archeozoic  — earliest  life 
Proterozoic  — primitive  life 
Paleozoie  — ancient  life 
Mesozoic  — middle  life 
Ceno^ie  — recent  life 

Each  of  these  eras  is  named  according  to  the 
type  of  life  that  existed  at  the  time.  The  com- 
parative duration  of  these  eras  is  shown  in  Fig. 
12-1.  Man’s  existence,  in  geological  time, 
dates  from  the  latter  part  of  the  Cenozoic  era. 
This  »era  is  of  comparatively  recent  origin — it 
begaii  about  fifty  million  years  ago. 


Archeozoic  and  Proterozoic  Eras.  Arche- 
ozoic and  Proterozoic  rocks  consist  of  granites 
and  sedimentary  layers  that  may  be  as  much 
as  100,000  feet  thick.  They  were  deposited 
during  hundreds  of  millions  of  years.  These 
rocks  have  been  folded,  faulted,  and  meta- 
morphosed, and  show  little  evidence  of  life. 
The  record  is  therefore  incomplete.  They 
once  formed  the  cores  of  mountains,  but  ero- 


Fig.  12—1.  Divisions  of  geologic  time. 
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sion  has  uncovered  them  so  that  in  many  parts 
of  the  earth  they  are  now  exposed  on  the  sur- 
face. The  largest  outcrop  of  these  ancient 
rocks  is  in  eastern  Canada,  where  almost 
2,000,000  square  miles  of  them  are  exposed. 

The  Paleozoic  Era.  In  the  history  of  the 
earth,  as  recorded  in  the  roeks  of  the  Arche- 
ozoic and  Proterozoic  eras,  some  pages  have 
been  torn  and  other  pages  are  missing.  In  the 
Paleozoie  era,  however,  the  record  is  fuller, 
and  the  chronologieal  sequence  of  events  is 
therefore  more  apparent. 

At  the  beginning  of  the  Paleozoic  era,  the 
North  American  continent  was  uplifted  be- 
yond its  present  boundaries  so  that  land 
extended  for  hundreds  of  miles  into  the  areas 
now  known  as  the  Atlantic  and  Pacific  oceans. 
At  a later  period,  water  completely  covered 
the  North  American  continent  for  millions  of 
years.  In  these  early  Paleozoic  seas  were  de- 
posited sediments  that  are  the  basis  of  much 
of  our  industrial  wealth  today.  For  instance, 
the  slates  of  Pennsylvania,  New  York,  and 
Vermont  resulted  from  shales  laid  down  at 
that  time.  Vermont  marble  is  metamorphosed 
Paleozoic  limestone.  The  extensive  salt  de- 
posits in  New  York  and  Michigan  were 
left  by  the  Paleozoic  seas.  Much  of  the  oil 
and  natural  gas,  particularly  in  the  Oklahoma 
region,  is  found  in  the  Paleozoic  sedimen- 
taries.  It  is  the  animal  life  of  this  early  period, 
however,  that  we  find  most  interesting. 

Life  in  the  Early  Paleozoic  Era.  For  mil- 
lions of  years  during  the  early  Paleozoie  era, 
the  only  living  animals  were  invertebrates— 
animals  without  backbones.  The  seas  held 
invertebrates  of  many  kinds.  At  first  these 
animals  found  food  and  shelter  among  the 
seaweeds  that  were  also  plentiful  at  this  time. 
As  the  animals  increased  in  numbers,  there 
was  more  and  more  competition  among  them 
for  the  limited  supply  of  food.  As  a result 
they  probably  began  to  attack  and  eat  one 
another.  In  the  course  of  time  they  developed 
hard  shells  with  the  calcium  carbonate  they 
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extracted  from  sea  water.  Later  some  of  them 
became  fossilized.  These  fossils  are  the  first 
definite  records  in  sedimentary  rocks.  All 
these  early  animals  lived  in  the  sea,  not  on 
the  land.  It  was  millions  of  years  before  ani- 
mals learned  to  breathe  air.  Until  they  could 
do  this,  there  was  no  life  of  any  kind  on  the 
land.  The  land  was  even  bare  of  vegetation. 
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Fig.  12—2.  Trilobites.  Note  the  antennae  and  the 
legs. 

It  must  have  looked  as  desolate  as  the  moon 
looks  today. 

A common  fossil  of  this  period  is  that  of  a 
lobster-like  animal  called  a trilobite.  The  tri- 
lobite  was  divided  into  three  lobes,  or  divi- 
sions, by  two  furrows  extending  the  length  of 
its  body.  Trilobites  lived  in  the  Paleozoic  seas. 
In  their  search  for  food  they  either  crawled 
over  the  sea  floor  or  swam  just  above  it.  Most 
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trilobites  were  less  than  four  inehes  long,  but 
some  types  grew  to  more  than  a foot  in  length. 
Although  there  were  many  kinds  of  animals 
at  this  time,  the  trilobites  were  more  numer- 
ous than  all  the  others  taken  together;  they 
were  the  ruling  elass  of  the  early  Paleozoie  era. 
They  existed  for  millions  of  years  and  then, 
for  some  unknown  reason,  they  beeame  ex- 
tinct at  the  close  of  the  Paleozoic  era.  Some 
kind  of  trilobite  must  have  survived,  however, 
because  our  shrimps,  lobsters,  and  crabs  are 
their  descendants. 

Late  Paleozoic  Era.  In  the  middle  of  the 
Paleozoic  era  many  mountains  were  raised  in 
Europe.  The  central  North  American  sea, 
however,  remained  almost  unchanged.  At  this 
time  the  famous  limestones  were  laid  down  in 
the  Mississippi  Valley.  Some  of  these,  particu- 
larly the  Indiana  limestones,  are  among  the 
best  building  stones  in  the  world. 

Toward  the  close  of  the  era  the  seas  with- 
drew from  central  North  America.  This  area 
became  swampy  land;  vegetation  thrived  and 
became  the  origin  of  our  extensive  coal  de- 
posits. These  deposits  are  important  to  our 
civilization  because  our  industrial  power  has 
resulted  to  a large  extent  from  the  use  of  coal . 

The  Appalachian  coal  field,  as  it  is  called,  is 
the  largest  in  the  world,  but  other  coal  fields 
were  also  formed.  The  coal  in  the  British 
Isles,  in  the  Ruhr  and  Saar  basins  in  Germany, 
in  the  Donetz  Basin  in  Russia,  and  in  parts  of 
Belgium  and  Poland  were  all  formed  at  this 
time.  At  the  same  time  the  rich  oil  deposits 
of  Pennsylvania,  Kansas,  Oklahoma,  Illinois, 
and  Texas  were  being  formed.  You  will  learn 
more  about  the  formation  of  coal  and  oil  in 
later  chapters. 

Life  in  the  Late  Paleozoic  Era.  The  vegeta- 
tion of  the  Paleozoic  era  had  little  resem- 
blance to  the  vegetation  we  see  today.  It  con- 
sisted of  tall,  dense  forests  of  club  mosses, 
horsetails,  and  ferns  that  grew  into  giant  trees, 
sometimes  reaching  a height  of  100  feet  with 
trunk  diameters  of  four  feet  or  so.  In  the 
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middle  Paleozoic,  fishes  appeared  for  the  first 
time.  They  were  the  first  animals  with  back- 
bones, usually  called  vertebrates,  on  the  earth. 
From  these  few  strange  Paleozoic  fishes  have 
developed  the  great  variety  of  fishes  in  the 
seas  today. 

During  the  latter  part  of  the  Paleozoic  came 
the  amphibians  (“double  life”).  They  are  de- 
scendants of  fish.  Amphibians  lay  their  eggs 
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Fig.  12—3.  Early  amphibians.  This  picture  shows  a 
stage  in  the  development  of  lungfish  into  amphibians 
as  reconstructed  by  W.  K.  Gregory.  Lungfish  learned 
to  leave  the  stagnant  pools  and  to  move  aimlessly 
about  the  banks  in  search  of  food. 

in  water.  The  embryo  hatches,  like  a tadpole, 
equipped  with  gills  so  that  it  can  live  in  water. 
Later  a lung  replaces  the  gills,  and  limbs  ap- 
pear, The  creature  can  then  leave  the  water 
and  live  on  land.  Although  amphibians  were 
the  first  animals  to  live  on  land — the  first  to 
breathe  ordinary  air — they  always  returned  to 
the  water  to  lay  their  eggs. 

The  amphibians  grew  in  size  and  flourished 
greatly.  They  almost  became  extinct,  how- 
ever, in  Mesozoic  times.  The  only  remaining 
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Ward’s  Natural  Science  Establishment,  Inc. 

Fig.  12—4.  Corals. 


amphibians  today  are  a few  small  animals  such 
as  frogs,  toads,  and  salamanders.  Some  de- 
scendants of  the  amphibians  managed  to  over- 
come their  dependence  on  water;  they  mi- 
grated to  dry  land  and  stayed  there.  These 
amphibians  became  the  reptiles  that  con- 
quered the  earth  and  remained  in  unchal- 
lenged possession  for  about  a million  years. 


The  Mesozoic  Era.  Toward  the  end  of  the 
Paleozoic  era  a magnificent  mountain  range 
was  raised  along  the  present  site  of  the  Appa- 
lachians. During  the  Mesozoic  era  these 
mountain  peaks  were  almost  completely  worn 
away  by  rain.  At  the  end  of  this  era  there 
was  again  much  mountain  building,  and  the 
present  Appalachians  were  raised.  Between 


Ward’s  Natural  Science  Establishment,  Inc, 
Fig.  12—5.  Ammonites  gre  coiled  like  a watch  spring. 
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these  two  periods  of  uplift  tliere  was  a long^’*'  The-  Mesozoic  era  is  characterized  by  the 


period  of  submergence,  during  which  the 
white  cliffs  of  Dover  were  formed,  as  well  as 
the  chalk  in  Colorado  and  the  sandstones  of 
the  Dakotas  and  Montana.  Mesozoic  deposits 
in  Wyoming  and  Montana  are  rich  in  \'erte' 
brate  fossils;  indeed,  they  arc  one  of  the  most 
famous  hunting  grounds  in  the  world,  particu- 
larly for  dinosaurs. 

Life  in  the  Mesozoic  Era.  During  the  Meso- 
zoic era  many  new  t}pes  of  im'crtcbrates  and 
\-ertebrates  appeared.  Reef-building  cords 


development  of  life  on  dry  land.  In  particular, 
the  small  reptiles  of  the  late  Paleozoic  de- 
veloped into  giant  monsters  called  dinosaurs 
( “terrible  reptile” ) . Some  dinosaurs  measured 
100  feet  in  length  and  weighed  as  much  as  50 
tons.  This  was  the  Age  of  Reptiles.  The  giant 
reptiles  were  probably  the  most  ferocious  and 
powerful  animals  of  all  time.  Yet,  for  some 
unexplained  reason,  they  came  to  an  abrupt 
end  at  the  elose  of  the  Mesozoic.  Today  the 
only  survivors  of  these  mighty  reptiles  are 


American  Museum  of  Natural  History 


Fig.  12—6.  This  member  of  the  dinosaur  group  (stegosaurus)  was  armed  with  a double  row  of 
plates  and  spines  down  his  back.  (Restoration  by  Charles  R.  Knight.) 


were  abundant.  Corals  had  lived  in  Paleozoic 
times  but,  unlike  the  trilobites,  they  did  not 
become  extinct  but  continued  to  thrive 
through  the  ages.  Indeed,  coral  reefs  are  still 
being  formed,  particularly  in  many  Pacific 
islands. 

The  most  numerous  shellfish  in  the  Meso- 
zoic era  were  the  ammonite . They  are  easily 
recognized  because  their  shells  are  usually 
coiled  like  a watch  spring.  The  ammonites 
died  out  at  the  end  of  the  Mesozoic  era.  An 
ammonite  fossil  proves,  therefore,  that  the 
rock  in  which  it  appears  was  formed  in  Meso- 
zoic or  late  Paleozoic  times. 


lizards  and  snakes.  The  extinction  of  the  rep- 
tiles is  the  subject  of  the  following  limerick: 

There  once  was  a plesiosaurus. 

Which  lived  when  the  earth  was  quite 
porous; 

When  it  first  heard  its  name 
It  was  covered  with  shame. 

And  departed  long  ages  before  us. 

Some  of  the  reptiles  took  to  the  air  during 
the  Mesozoic  and  became  the  forerunners  of 
the  birds.  The  most  ancient  birds  had  feathers 
like  those  of  birds  today,  but  they  had  sharp 
teeth  and  long  tails  like  lizards.  The  ability 
to  fly  represents  another  advance  in  the  life 
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process  as  we  see  it  unfolding:  first,  from  sea 
to  land  animals,  then  from  land  animals  to 
animals  that  fly. 

The  Cenozoic  Era.  The  Cenozoie  era  began 
only  about  fifty  million  years  ago  and  is  the 
era  in  which  we  are  now  living.  In  spite  of  its 
youth,  however,  a number  of  significant  geo- 
logical events  have  already  taken  place.  Most 
of  the  mountain  ranges  now  in  existence— the 
Rockies  and  the  Himalayas,  for  example — 
were  raised  by  the  earth  movements  that 
occurred  either  at  the  end  of  the  Mesozoie  or 
in  the  ^rly  part  of  the  Cenozoic. 

TheCRockies^re  the  result  of  two  different 
kinds  of  earth  movement.  First  there  was  a 


Fig.  1 2—7.  In  the  overthrust  in  the  Rockies  of  Mon- 
tano, Proterozoic  and  Paleozoic  rocks  on  the  left 
have  been  pushed  over  younger  Mesozoic  rocks  on 
the  right. 

great  deal  of  folding  and  faulting  at  the  end 
of  the  Mesozoic.  Older  strata  were  thrust  east- 
ward over  younger  sediments;  thus  Proterozoie 
and  Paleozoie  rocks  rest  upon  Mesozoie,  as  il- 
lustrated in  Fig.  12-7.  In  some  areas  the  over- 
thrust extends  for  a distance  of  from  20  to  30 
miles.  Then,  in  the  early  Cenozoic  era,  the 
Rockies  were  further  uplifted,  this  time  with- 
out much  folding.  Indeed,  the  extensive 
mountain  ehain  running  almost  from  pole  to 
pole  (the  Rockies  in  the  north  and  the  Andes 
in  the  south ) was  raised  at  this  time.  The  sub- 
sequent erosion  of  the  Rockies  during  the  past 
fifty  million  years  has  exposed  the  granite 
rocks  that  formed  the  core  of  the  original 
mountain  system.  MountainJsuiLdipg  during 
the  Cenozoic  was  accompanied  by  a great  deal 
of  voleanie  activity,  and  much  of  Washing- 
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ton,  Oregon,  and  Idaho  were  eovered  with 
layers  of  lava  thousands  of  feet  thiek. 

Most  of  North  America  has  been  above  sea 
level  throughout  the  Cenozoie  era.  The  sea 
remained  over  the  Gulf  States  for  some  mil- 
lions of  years,  however,  during  whieh  time 
sands,  elays,  and  limestones  were  deposited 
in  Texas  and  Louisiana.  These  formations 
are  now  of  great  economie  importance,  for 
they  contain  enormous  deposits  of  natural 
gas,  oil,  and  sulfur.  About  one-half  of  the  oil 
drilled  in  the  United  States  is  obtained  from 
these  Cenozoic  deposits. 

Probably  the  most  interesting  sediments  of 
this  era  are  those  deposited  by  ice  in  recent 
geological  times.  Geologists  have  proved  that 
ice  sheets  deseending  from  the  Canadian  high- 
lands eovered  about  half  the  United  States  at 
four  different  times.  Glaciers  scratched  and 
eroded  the  valleys  of  the  Rockies  during  this 
Glacial  period.  The  Great  Lakes  and  Niagara 
Falls  ean  be  traced  to  the  effects  of  glaciers 
that  retreated  from  the  eastern  United  States 
and  Canada  only  about  twenty  thousand  years 
ago.  There  is  reason  to  think  that  we  are  still 
in  the  elosing  stages  of  the  ice  ages. 

Life  in  the  Genozoic  Era.  The  Cenozoic 
era  is  usually  referred  to  as  the  Age  of  Mam- 
mals. Mammals  (animals  that  give  milk  to 
their  young)  date  back  to  the  Mesozoie.  But 
in  the  Mesozoic  they  were  rarely  larger  than  a 
mouse  or  a cat,  and  they  were  no  match  for 
the  giant  reptiles.  When  the  reptiles  became 
extinct  at  the  end  of  the  Mesozoic,  the  mam- 
mals developed  rapidly  in  size  and  kind.  Soon 
they  became  the  rulers  of  the  land,  a distine- 
tion  they  still  hold. 

There  is  evidence  that  many  speeies  living 
today  existed  fifty  million  years  ago.  At  that 
time,  the  horse  was  no  larger  than  a small  dog, 
the  rhinoceros  was  about  two  feet  high,  and 
the  elephant  stood  about  three  feet  tall.  The 
mammals  developed  into  two  large  groups, 
vegetarians  and  flesh-eaters. 

While  some  species  of  mammals  have 
expanded,  others  have  become  extinct.  For 
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Cou-  tenu  Trann-Caiiada  Air  lAruer; 

Fig.  12-8.  Niagara  Falls  were  formed  after  the  last  Ice  Age. 


instance,  twenty-five  thousand  years  ago  long- 
tusked  mammoths  with  thick,  hairy  coats  for 
protection  against  the  intense  cold  were  com- 
mon. Now  they  have  completely  died  out. 


and  the  only  reminders  of  these  ancient  herds 
are  the  carcasses  that  are  occasionally  found 
completely  preserved — hair,  bones,  and  flesh- 
in  the  iev  wastes  of  Siberia. 


Chicago  Natural  History  Museum 

Fig.  12—9.  The  woolly  mammoth  was  a common  inhabitant  of  Eurasia  and  North  America 

about  25,000  years  ago. 
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One  of  the  most  interesting  animals  to 
trace  in  the  Cenozoic  rocks  of  North  America 
is  the  horse.  The  oldest  member  of  the  horse 
family  was  a small  animal,  not  more  than  a 
foot  tall,  with  four  toes  on  its  front  feet. 
Fossils  in  later  beds  in  the  Cenozoic  show  that 
the  animal  had  grown  to  the  size  of  a sheep 
and  that  the  number  of  its  toes  had  been  re- 
duced to  three.  Still  later  fossils  show  that 
the  horse  had  grown  to  the  size  of  a pony  and 
that  the  middle  toe  had  become  so  much 
heavier  than  the  side  toes  that  it  supported  all 
of  the  animal’s  weight.  At  a still  later  date, 
the  modern  horse  appeared.  This  animal  was 
still  larger,  and  its  middle  toe  had  developed 
into  the  hoof;  the  side  toes  had  become  use- 
less and  had  disappeared,  except  for  little 
splints  under  the  skin. 

The  record  from  the  little  four-toed  crea- 
ture to  the  modern  horse  is  so  complete  that 
there  can  be  no  doubt  about  the  development 
of  the  horse  over  fifty  million  years.  No  other 
mammal  shows  its  growth  or  evolution  so 
completely.  An  amazing  number  of  fossils  of 
horses  have  been  found  in  the  western  part 
of  the  United  States.  Although  wild  horses 
roamed  in  great  herds  over  the  plains  of  North 
America,  they,  like  the  long-tusked  mam- 
moths, became  extinct  at  the  end  of  the  ice 
ages.  All  the  horses  in  America  today  are  de- 
scendants of  horses  brought  from  Europe. 

Development  of  Life  on  Earth.  Life  on  the 
earth  has  developed  from  simple  creatures 
to  more  complex  types.  After  the  inverte- 
brates came  the  vertebrates;  first  fishes,  then 
amphibians,  then  reptiles,  then  birds,  then 
mammals,  and,  finally,  man.  As  time  went 

— THINGS  TO 

The  Cenozoic  is  the  era  of  recent  life. 

The  Mesozoic  is  the  era  of  middle  life. 

The  Paleozoic  is  the  era  of  ancient  life. 

The  Proterozoic  is  the  era  of  primitive  life. 

The  Archeozoic  is  the  era  of  earliest  life. 
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on,  the  living  creatures  adapted  themselves  to 
different  conditions.  Even  such  lowly  animals 
as  the  trilobite,  coral,  and  ammonite  under- 
went marked  changes  in  structure,  as  they  are 
traced  by  their  fossils  through  more  recent 
rocks.  These  changes  usually  came  about  be- 
cause they  helped  the  animal  to  travel  more 
rapidly  or  to  obtain  food  more  easily  as 
enemies  became  more  numerous  and  food 
harder  to  get.  This  response  to  changing  con- 
ditions is  what  the  geologist  means  by  evolu- 
tion. 

Man  is  the  latest  development  of  life  on  the 
earth.  In  the  beginning,  man  used  his  hands 
and  even  his  teeth  as  weapons.  Later  he  made 
weapons  of  stone,  which  he  used  to  subdue 
all  other  creatures.  As  time  went  on,  man 
stopped  making  tools  merely  for  the  purpose 
of  protecting  himself  against  animals;  he  used 
them  to  increase  his  comforts  and  to  make  his 
life  easier  and  pleasanter. 

After  the  Stone  Age  man  learned  to  use 
metals.  The  first  metallic  substance  he  made, 
probably  by  accident,  was  bronze.  It  is  sup- 
posed that  early  man  placed  lumps  of  copper 
and  tin  ores  around  his  campfire  and  that  the 
heat  from  the  fire  melted  the  metals  together 
and  formed  bronze.  Once  he  had  learned  to 
make  weapons  and  tools  out  of  bronze,  man 
entered  the  Bronze  Age,  which  began  about 
five  thousand  years  ago.  Sinee  it  is  much 
more  difficult  to  smelt  iron  than  copper,  the 
Age  of  Iron  came  later. 

Man  still  needs  fire  and  metals  to  advance 
his  civilization.  Coal,  petroleum,  and  steel  are 
basic  needs  in  our  modern  world.  These  will 
be  discussed  in  later  chapters. 


REMEMBER  

Mountain  building,  followed  by  erosion  and 
submergence,  took  place  in  all  the  eras. 

The  first  fossils  appeared  in  the  early  Paleo- 
zoic. 

Invertebrates  are  found  in  early  Paleozoic 
rocks. 
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Fishes,  the  earliest  vertebrates,  are  found  in 
late  Paleozoie  rocks. 

Coal  had  its  origins  in  the  late  Paleozoic. 
The  Mesozoic  was  the  Age  of  Reptiles. 


The  Cenozoic  is  the  Age  of  Mammals. 

North  America  has  had  four  ice  ages  during 
the  Cenozoic. 


Explain  the  following  terms  and  give  an 
example  of  each:  {a)  invertebrate;'^(h)  verte- 
brate; (c)  amphibian. 

What  could  you  conclude  concerning  the 
age  of  rocks  in  which  were  found:  {a)  trilo- 
bites;  {b)  ammonites? 

Why  are  the  late  Paleozoic  deposits  impor- 
tant to  the  industrial  life  of  the  nation? 
State  whether  the  following  are  alive  or  ex- 
tinct: (a)  trilobite;  (b)  mammal;  (c)  coral; 
(d)  dinosaur;  (e)  ammonite;  (/)  mammoth. 
What  are  the  differences  between  amphib- 
ians and  reptiles? 


QUESTIONS 


When  were  the 


V 


% 


% 


^ a)  Wlien  were  the  Rockies  formed?  (b) 
In  some  parts  of  the  Rockies  older  beds  rest 
upon  younger  ones.  How  did  this  happen? 
li  Write  briefly  on  plant  and  animal  life  in 
the  late  Paleozoic  era. 

Describe  life  during  the  Mesozoic  era. 
What  are  some  of  the  geological  events  of 
the  Cenozoic  age. 

State  briefly  what  you  know  of  the  develop- 
ment of  life  as  revealed  by  rocks. 


3^ 


PROJECT 


Collecting  Specimens  of  Fossils.  Write  to  the 
nearest  college  or  university  geology  department 
and  inquire  whether  there  are  any  rocks  in  your 
region  that  are  likely  to  yield  fossils.  Ask  also 
for  information  concerning  the  age  of  such  rocks 


and  the  kind  of  fossils  to  look  for.  Then,  if 
possible,  visit  a museum  where  such  fossils  are 
on  display.  When  you  are  familiar  with  the  local 
fossils,  begin  the  search. 


REVIEW  QUESTIONS  ON  UNIT  2 


A 

1.  What  is  the  meaning  of  the  following 
words:  {a)  equinox;  (b)  latitude;  (c)  merid- 
ian; (d)  igneous;  {e)  metamorphic;  (/)  strata; 
(g)  Paleozoic? 

2.  State  the  meanings  of  the  following  terms 

vy  or  phrases:  {a)  parallels  of  latitude;  (b)  me- 
ridians of  longitude;  (c)  basalt;  (d)  conti- 
nental glacier;  (e)  fault. 

3.  Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

(a)  The  world  is  divided  into  24  time 
zones,  each  of  which  differs  from  its 
neighbors  by  one  hour. 

• (b)  The  width  of  a time  zone  is  1 5 degrees 
of  longitude. 

(c)  The  earth  has  an  iron  core. 

(d)  Shale  and  slate  are  sedimentary  rocks. 

(e)  A continental  glacier  at  one  time  cov- 
ered the  whole  of  North  America. 

(/)  The  Appalachians  are  older  than  the 
Rockies. 


(g)  There  is  no  definite  record  of  life  on 
earth  before  the  Paleozoic  era. 

4.  How  did  Globigerina  become  chalk? 

5.  What  are  fossils? 

6.  State  the  meaning  of  the  terms:  {a)  Paleo- 
zoic; (b)  Cenozoic;  (c)  terracing;  (d)  inver- 
tebrate. 

B 

7.  Explain  by  means  of  a diagram  the  cause 
of  night  and  day. 

8.  Explain  how  and  why  the  time  in  Chicago 
differs  from  that  in  New  York  and  the  time 
in  Winnipeg  from  that  in  Vancouver. 

9.  What  is  a volcano?  How  is  it  formed? 

10.  How  may  an  igneous  rock  become  a sedi- 
mentary rock?  How  may  a sedimentary  rock 

- ^ become  a metamorphic  rock? 

/Tl  .\  {a)  Sketch  a trilobite. 

^ (b)  Where  would  you  expect  to  find  trilo- 

bites? 

(c)  What  do  they  indicate  to  the  geologist? 
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12.  Contrast  the  Mississippi  River  and  the  Col- 
orado River  as  eroding  agents. 

13.  What  evidence  is  there  that  glaeiers  onee 
eovered  part  of  Canada? 

1 4.  Contrast  the  Appalaehians  and  the  Rockies. 

15.  “Younger  beds  rest  upon  older  beds.”  Ex- 
plain. Why  is  this  statement  important  to 
the  geologist? 

16.  (d)  Draw  a diagram  of  an  unconformity. 
(b)  What  does  an  unconformity  indicate 

to  a geologist? 
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1 7.  Describe  some  of  the  evolutionary  trends  in 
animal  life  during  the  Mesozoic  era. 

(a)  What  is  the  differenee  between  folding 
and  faulting? 

(b)  Draw  a diagram  of  eaeh. 

19.  (a)  Why  are  marine  animals  more  often 
found  as  fossils  than  land  animals? 

(b)  Why  would  you  be  surprised  to  find  a 
fossil  in  marble? 

(c)  What  purpose  do  fossils  serve  in  de- 
termining geologieal  history? 
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(Chapter  1 3 


A thermometer,  as  you  know,  is  an  instru- 
ment used  to  measure  temperature.  One  of 
the  first  things  a doctor  does  in  making  a 
physical  examination  is  to  take  your  tempera- 
ture. He  hopes  to  find  your  temperature  nor- 
mal, in  which  case  his  thermometer  will  read 
about  98.6°  Fahrenheit.  But  if  you  have  a 
fever,  your  temperature  may  be  as  high  as 
103°  or  104°.  On  the  whole,  however,  body 
temperature  remains  very  nearly  constant 
throughout  our  lives. 

Of  all  the  animals  only  birds  and  mammals 
maintain  a constant  temperature.  Such  ani- 
mals are  said  to  be  warm-blooded.  The  tem- 
perature of  cold-blooded  animals,  such  as  in- 
sects and  fish,  varies  with  the  temperature  of 
the  air  or  water  that  surrounds  them.  In  other 
words,  they  behave  in  this  respect  like  a stone 
or  other  inanimate  objects. 

Insects,  frogs,  and  snakes  are  cold-blooded. 
In  winter  they  become  so  cold  that  they  can- 
not live  a normal  life,  and  they  either  die  or 
hibernate.  It  is  for  this  reason  that  insects  are 
not  seen  outside  during  cold  winters;  and 
birds  that  feed  on  insects  must  migrate  to  a 
warmer  climate  if  they  are  to  survive. 

You  might  wonder  why  the  doctor  uses  a 
thermometer  to  discover  whether  the  patient 
has  a fever.  Why  can’t  he  determine  this  by 
simply  touching  the  patient?  The  answer  is 
found  in  the  following  experiment. 

Demonstration  13-1.  The  Reliability  of  Touch  in 
Meosuring  Temperature. 

Fill  three  glasses  with  water — one  with  hot, 
one  with  cold,  and  one  with  lukewarm  water. 


For  about  a minute  hold  a finger  of  your  left 
hand  in  the  hot  water  and  a finger  of  your  right 
hand  in  the  cold  water.  Then  transfer  the  finger 
from  the  hot  water  to  the  lukewarm  water.  Now 
remove  this  finger  from  the  lukewarm  water  and 
place  the  finger  from  the  cold  water  in  it.  One 
finger  tells  you  the  lukewarm  water  is  cold,  while 
the  other  tells  you  it  is  hot. 

We  have  just  seen  how  unreliable  our  sense 
of  touch  can  be.  In  the  exact  work  of  science 
we  must  have  some  means  of  measuring  tem- 
perature accurately.  In  order  to  see  how  this 
has  been  accomplished,  think  of  temperature 
in  terms  of  the  motion  of  moleeules.  You 
learned  in  Chapter  4 that  the  hotter  a sub- 
stance is,  the  faster  its  molecules  move.  Henee 
we  can  say  that  temperature  is  an  indirect  way 
of  indicating  the  speed  of  molecules.  An  in- 
crease in  the  speed  of  the  molecules  of  most 
substances  causes  those  substanees  to  expand. 
Thus  by  measuring  the  expansion  we  have  an 
aceurate  means  of  measuring  temperature. 

The  Earliest  Thermometer.  The  first  ther- 
mometer on  record  was  made  by  Galileo  be- 
fore 1600.  It  indicated  temperature  because 
air  expands  when  heated.  It  consisted  of  a 
glass  tube  about  10  inches  long  with  a glass 
bulb  about  1 ineh  in  diameter  at  one  end. 
When  the  open  end  of  the  tube  was  put  under 
water  and  the  bulb  warmed,  bubbles  of  air 
escaped  into  the  water,  thus  showing  that  the 
air  inside  the  bulb  had  expanded.  When  the 
bulb  was  allowed  to  cool,  the  water  rose  part 
way  up  the  tube  to  replaee  the  air  that  had 
escaped.  Any  further  ehanges  in  the  tempera- 
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ture  of  the  air  in  the  bulb  caused  a change  in 
the  water  level  in  the  tube. 

Demonstration  13-2.  A Mode!  of  the  First  Thermometer. 

Blow  a bulb  about  an  inch  in  diameter  on  the 
end  of  a one-foot  length  of  Tinch  glass  tubing. 
While  the  bulb  is  still  hot  place  the  open  end 
of  the  tube  under  water  in  a beaker.  Water  rises 
in  the  tube  as  the  bulb  cools.  Coloring  the  water 
with  a little  ink  will  make  it  easier  to  see  the 
height  of  the  water  in  the  tube.  The  level  of  the 
liquid  in  the  tube  can  be  ehanged  by  heating 
tlie  bulb  for  an  instant  or  two  in  the  Bunsen 
flame  and  then  allowing  it  to  cool. 


Fig.  1 3—1 . An  early  thermometer  of  the  type  Galileo 
invented.  It  was  not  reliable  because  the  height 
of  the  water  also  depended  on  the  atmospheric 
pressure. 


This  type  of  thermometer  was  used  by  doc- 
tors in  the  17th  century.  To  find  a patient’s 
temperature,  the  doctor  first  placed  the  bulb 
in  his  own  mouth  and  noted  the  level  of  the 
water.  Then  he  placed  it  in  the  patient’s 
mouth.  If  the  water  was  forced  to  a lower 
level,  he  decided  that  the  patient  had  a fever. 
At  the  time  when  this  thermometer  was  in 
common  use,  nothing  was  known  about  the 
spread  of  diseases  by  germs.  Since  the  doctor 
probably  did  not  bother  to  wash  the  bulb  of 
the  thermometer  after  it  had  been  in  the  pa- 
tient’s mouth,  the  thermometer  was  a means 
of  spreading  infectious  diseases. 

Another  disadvantage  of  Galileo’s  early  ther- 


mometer was  the  error  caused  by  changes  in 
atmospheric  pressure.  The  readings  on  two 
successive  days  could  not  be  accurately  com- 
pared; a change  in  the  weather  might  cause  an 
increase  in  atmospheric  pressure  that  would, 
in  turn,  force  the  water  higher  up  the  tube 
even  though  there  was  actu- 
; ally  no  change  in  tempera- 
i ture. 


Liquid  Thermometers. 

Galileo’s  air  thermometer 
was  also  very  cumbersome. 
A thermometer  that  de- 
pends on  the  expansion  of 
a liquid  (for  example,  mer- 
cury) is  much  more  conven- 
ient. Most  modern  ther- 
mometers are  made  of  glass 
tubing.  Running  through 
the  center  of  the  tube  is  a 
hole  whose  diameter  is 
about  the  same  as  that  of 
a human  hair;  such  tubing 
is  called  capillary  tubing. 
(To  see  how  small  the  hole 
in  a thermometer  tube  is, 
wrap  the  stem  of  an  old 
or  cheap  thermometer  in 
heavy  cloth  and  break  it.) 
At  one  end  of  the  tube  is  a 
thin-walled  bulb  of  glass 
containing  mercury  or  col- 
ored alcohol.  The  air  in, 
the  tube  above  the  liquid 
has  been  removed,  and  the 
top  of  the  thermometer  has 
been  sealed  by  heating  it. 
When  the  liquid  in  the  bulb  is  warmed,  it  ex- 
pands and  rises  in  the  tube.  A scale  to  record 
the  temperature  is  either  etched  on  the  glass 
or  marked  on  the  thermometer  support. 
Gapillary  tubing  is  used  in  a thermometer 


I 


Fig 


Courtesy  Taylor 
Instrument  Co. 

1 3—2.  A mod- 
liquid  ther- 
mometer. 


because,  when  even  a very  small^mount  of 
li^id  is  forced  ouF of  the  bulb  by  a rise  in  tem- 
perature, the  liquid  will  rise  a relatively  large 
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distance  in  the  fine  tube.  If  a large  tube  were 
used,  a change  of  one  degree  in  temperature 
would  foree  the  liquid  too  short  a distanee  up 
the  tube  to  be  read  aecurately. 

In  very  cold  climates  mereury  thermometers 
eannot  be  used  outdoors  during  the  winter  be- 
cause mercLir}^  freezes  at  40°  below  zero.  Alco- 
hol thermometers  are  frequently  used  instead 
because  alcohol  freezes  at  a lower  temperature. 
Usually  the  alcohol  is  colored  with  red  or 
blue  dye  so  that  the  liquid  level  in  the  stem 
can  be  easily  seen. 

Thermometer  Scales.  Every  thermometer 
has  a scale  which  indicates  temperatures. 
The  Fahrenheit  and  centigrade  scales  are  the 
two  in  most  common  use.  The  Fahrenheit 
scale  is  used  in  English-speaking  countries;  the 
centigrade  scale  is  used  in  other  countries,  and 
for  most  scientific  work.  Both  these  scales  are 
shown  in  Fig.  13-3. 

The  Fahrenheit  Scale.  The  scale  for  a Fahr- 
enheit thermometer  is  made  by  first  placing 
the  thermometer  in  a jar  of  melting  ice. 
When  the  mercury  stops  falling,  a scratch  is 
made  on  the  stem  at  the  top  of  the  mercury 
column;  this  becomes  the  32°  mark  of  the 
thermometer.  Then  the  thermometer  is 
placed  in  boiling  water,  the  new  level  of  the 
mercur}^  is  noted,  and  the  corresponding 
scratch  made  on  the  stem.  This  becomes  the 
212°  mark  of  the  thermometer.  The  space  be- 
tween these  marks  is  divided  into  180  equal 
parts,  each  representing  one  degree.  More  di- 
visions of  the  same  size  can  be  used  to  extend 
the  scale  of  the  thermometer  above  212°  or 
below  32°. 

This  thermometer  scale  is  called  the  Fahr- 
enheit scale  because  it  was  devised  by  Daniel 
Fahrenheit,  a German  scientist.  On  this  scale 
our  body  temperature  is  about  98.6°,  ordinary 
room  temperature  is  about  70°,  and  a really 
cold  winter’s  day  in  the  northern  portion  of 
the  United  States  is  about  20°  below  zero  or 
-20°. 

The  Centigrade  Scale.  The  centigrade  scale 


is  simpler  and,  for  most  purposes,  more  con- 
venient than  the  Fahrenheit  scale.  On  this 
scale  the  temperature  of  melting  ice  is  zero, 
written  0°  C.,  and  the  temperature  of  boiling 
water  is  100°,  written  100°  C.  The  range  be- 
tween these  two  temperatures  is  100  equal 
parts,  or  degrees.  On  this  scale  room  tempera- 
ture is  about  20°,  body  temperature  is  about 
37°,  and  a cold  day  may  be  about  30  degrees 
below  zero,  that  is,  —30°. 


Fahrenheit 
Boilinq  Point  of  212- 
Water 


Body  Temperature  98  6- 
Room  Temperature  68- 

Freezing  Point  of  32  - 
Water 


Centigrade 
- 100 


-37 

-20 


Absolute  Zero  -450 


-273 


Fig.  13—3.  Comparison  of  Fahrenheit  and  centigrade 
scales. 


Demonstration  13-3.  To  Check  the  Boiling  and  Freezing 
Points  on  a Thermometer. 

Place  a laboratory  thermometer  that  has  a 
range  from  below  freezing  to  above  the  boiling 
point  of  water  in  a jar  of  cracked  ice.  Let  the 
bulb  remain  in  the  ice  until  the  mercury  no  longer 
falls.  What  does  the  thermometer  read?  Is  there 
an  error?  How  much  is  it? 

Next,  support  the  thermometer  in  boiling 
water  as  shown  in  Fig.  13-4.  After  the  mercury 
has  stopped  rising,  read  the  temperature.  Does 
the  thermometer  appear  to  be  correct  at  this 
temperature? 
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Actually  the  boiling-point  check  will  be  ac- 
curate only  if  the  barometric  pressure  is  ex- 
actly 29.95  inches  or  76  cm.  of  mercury.  The 
reason  for  this  is  given  in  Chapter  17,  where 
the  effect  of  pressure  on  the  boiling  point  of  a 
liquid  is  discussed. 

If  we  compare  the  Fahrenheit  and  centi- 
grade scales  in  Fig.  13-3,  we  see  that  between 
the  temperatures  of  rhelting  ice  and  boiling 
water  there  are  180  Fahrenheit  degrees  and 
100  centigrade  degrees.  This  means  that  a 


Fig.  13—4.  Checking  the  boiling  point  on  a ther- 
mometer, 

Fahrenheit  degree  is  smaller  than  a centigrade 
degree  because  more  Fahrenheit  degrees  are 
needed  to  cover  this  temperature  range.  In 
fact,  one  Fahrenheit  degree  is  equivalent  to 
only  io%gQ^or%,  ofa  centigrade  degree. 

Converting  Fahrenheit  Temperatures  to 
Centigrade.  Since  the  Fahrenheit  scale  reads 
32°  when  the  centigrade  scale  reads  0°,  to 
change  a Fahrenheit  temperature  to  the  cor- 
responding centigrade  temperature,  we  sub- 
tract 32  from  the  Fahrenheit  temperature  and 
then  multiply  the  result  by  %.  For  example. 
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if  room  temperature  is  about  68°  F.,  what  is 
the  temperature  on  the  centigrade  scale? 

To  make  the  change,  first  subtract  32  from 
68,  which  gives  36.  Now  multiply  36  by  %: 
the  result  is  20°  C. 

Converting  Centigrade  Temperatures  to 

Fahjenhsit.  To  change  a centigrade  temper- 
ature to  the  corresponding  Fahrenheit  tem- 
perature, we  must  reverse  the  procedure.  First 
we  multiply  the  centigrade  temperature  by  %, 
and  then  add  32  to  the  result.  For  example,  if  ! 
body  temperature  is  37°  G.,  what  is  its  temper- 
ature on  the  Fahrenheit  scale? 

First  multiply  37  by  %,  which  gives  66.6. 
Now  add  32;  the  result  is  98.6°  F.  Changing 
from  one  scale  to  the  other  may  be  accom- 
plished by  the  use  of  the  algebraic  formula 
F - 32  C 

— ^ = -^  or  C = % (F  — 32),  where  C is 

the  centigrade  temperature  and  F is  the  cor- 
responding Fahrenheit  temperature. 

The  Clinkai  Thermomefer.  The  mercury 
level  of  an  ordinary  thermometer  changes  rap- 

idly  as  the  temperature  changes.  This  is  a 

disadvantage  in  taking  body  temperatures. 
When  a person’s  temperature  is  taken,  the 
thermometer  should  be  read  carefully  and  in 
a good  light.  Unless  the  mercury  stays  in  place 
a fter  the  thermometer  is  removed  from  the 
patient’s  mouth,  the  temperature  reading  will 
be  incorrect.  jthejnerci^  m_p^^^^^ 

clinicaHhernyometers  are  made  so  that  the  in- 
side  passage  in  the  stem  is  very  narrow  just 
above  thp  bulb.  When  the  mercury  in  the 
buibjs  heated,  it  exeitsjsufEcientiorce  to  push 
past  this  jgnsUict^  and  rise,  up  the  stem. 
When  the  mercury  in  the  bulb  cools  and  con- 
tracts, however,  thejcahimH.4ifjiLemury  bj^aks 
at  the  constriction  and  is  held  in  the  stem,  and 
aTcmrect  reading  can  be  rnade.  The  thermom- 
eter  can  be~reset  hy  h^ing  it  in  the  hand 
and  quickly  snapping  the  wrist,  which  drives 
the  mercury  past  the  constriction  into  the 
bulb. 

A clinical  thermometer  measures  only  a 


WHAT  IS  TEMPERATURE? 

small  range  of  temperatures,  usually  from 
about  9^  F.  to  108°  F.  This  type  of  ther- 
mometer should  not  be  sterilized  with  hot 
water,  as  water  hotter  than  108°  F.  would  ex- 
pand the  mereur}'  enough  to  break  the  thin 
glass  wall.  Alcohol  or  formaldehyde,  both 
good  disinfectants,  should  therefore  be  used 
for  sterilizing  clinical  thermometers. 

Low  Tern perat-u res.  In  the  northern  part  of 
the  United  States  winter  temperatures  often 


about  —200°  C.  by  a process  of  compression 
and  expansion.  Liquid  air  is  often  used  as  a 
cooling  ggent  in  the  laboratory  since,  once  it 
is  made,  it  remains  at  —200°  C.  until  it  ac 
cumulates  enough  heat  to  boil  away. 

Scientists  have  calculated  that  the  lowest 
possible  temperature  is  —273°  C.  (—459° 
F. ) , usually  called  the  absolute  zero.  Theo- 
retically, this  is  the  point  at  which  all  molecu- 
lar motion  ceases.  It  is  nature’s  zero  and  has 
never  been  quite  reached  by  man.  The  nearest 


Courtesy  Air  Reduction  Sales  Co. 
Fig.  13—5.  Dry  ice  is  used  to  cool  refrigerator  cars. 


fall  below  0°  F.;  in  the  Midwest,  temperatures 
as  low  as  —30°  F.,  or  even  lower,  have  been 
recorded.  But  the  coldest  inhabited  place  on 
earth  is  in  Siberia,  where  a temperature  of 
—94°  F.  has  been  recorded. 

These,  however,  are  by  no  means  the  lowest 
temperatures  possible.  Dry  ice  (which  is  solid 
carbon  dioxide)  has  a temperature  of  —80°  C. 
or  —112°  F.  It  is  used  to  cool  refrigerator  cars, 
as  shown  in  Fig.  13-5,  so  that  meat  and  vege- 
tables can  be  transported  safely.  It  is  also  used 
to  keep  ice  cream  frozen. 

Ordinary  air  liquefies  at  a temperature  of 


approach  is  about  —272°  C.,  the  temperature 
of  solid  helium.  Helium  is,  of  course,  a gas  at 
ordinary  temperatures.  It  becomes  a liquid 
when  cooled  to  —270°  C.,  then  a solid  at 
-272°  C. 

High  Temperatures.  The  highest  recorded 
temperature  for  New  York  City  is  102°  F.  and 
for  Chicago,  105°  F.  Tunis,  in  North  Africa, 
is  one  of  the  hottest  places  in  the  world;  there 
the  temperature  has  risen  to  118°  F.  in  the 
shade.  But  much  higher  temperatures  than 
this  are  possible.  Rocks,  for  example,  melt  at 
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about  1100°  C.  Iron  must  be  heated  to  1500° 
C.  before  it  will  melt;  the  metal  tungsten,  to 
3370°  C.  The  temperature  of  the  surface  of 
the  sun  is  about  6000°  C.  The  surfaces  of  some 
stars  are  as  hot  as  30,000°  C.,  and  it  is  possible 
that  their  centers  may  be  over  one  million  de- 
grees centigrade.  Scientists  have  not  been  able 
to  find  any  theoretical  limit  to  high  tempera- 
tures. 

If  substances  are  heated  to  sufficiently  high 
temperatures,  they  give  off  light.  Thus,  when 
an  iron  bar  is  heated  sufficiently  it  begins  to 
glow  redffiot;  and  if  it  is  heated  still  more, 
it  gradually  becomes  yellow-hot,  and  finally 
whitejbjot.  In  other  words,  color  changes  with 
temperature,  if  the  temperature  is  high 
enough.  By  using  the  color-temperature  rela- 
tionship, some  useful  thermometers  have  been 
made  for  measuring  high  temperatures;  for  ex- 
ample, the  temperature  of  an  open-hearth  fur- 
nace is  measured  in  this  way. 

THIN-,GS  TO 

The  first  thermometer  was  made  by  Galileo. 
He  used  the  expansion  of  air  to  measure  tem- 
perature. 

The  most  common  accurate  thermometers  in 
use  today  employ  an  expanding  liquid  (mercury 
or  alcohol)  to  measure  temperature. 

On  the  Fahrenheit  scale  the  temperature  of 
melting  ice  is  32°  and  the  temperature  of  boiling 
water  is  212°. 

On  the  centigrade  scale  the  temperature  of 
melting  ice  is  0°  and  the  temperature  of  boiling 
water  is  100°. 


’li  Describe  the  construction  and  operation  of 
/ Galileo’s  thermometer. 

.y2.  Describe  the  construction  and  operation  of  a 
modern  liquid  thermometer. 

./3,  What  are  the  freezing  and  boiling  points 
of  water  on  (a)  the  Fahrenheit  sca\e$\b] 
the  centigrade  scale?  q \ ''FU 
^4.  What  is  the  lowest  possible,  temperature^? 
What  is  it  called? 

5.  How  does  liquid  air  differ  from  ordinary  air? 
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Demonstration  13-4.  Temperatures  in  the  Bunsen  Flame. 

Gopper  melts  at  1050°  G.  Heat  the  tip  of  a 
piece  of  copper  wire  in  a Bunsen  flame  until  a 
tiny  globule  of  molten  copper  forms  on  the  tip 
of  the  wire.  Shake  the  wire  and  molten  copper 
will  drop  off  the  tip. 

Repeat  this  experiment  with  a piece  of  iron 
wire,  and  note  how  the  color  of  the  wire  changes 
as  its  temperature  increases.  You  will  find  that 
the  flame  is  not  hot  enough  to  melt  the  iron. 
Approximately,  what  is  the  temperature  of  a 
Bunsen  flame? 

It  is  interesting  to  note  that  although  tem- 
peratures in  the  universe  range  from  —273°  C. 
to  over  a million  degrees  centigrade,  the  tem- 
perature of  man’s  body  must  remain  within 
three  or  four  degrees  of  37°  C.  or  he  may  die. 
Since  this  range  is  so  small,  it  is  truly  remark- 
able that  early  man  ever  survived  and  devel- 
oped in  a universe  where  there  are  such  ex- 
tremes of  temperature. 

REMEfABER 

A Fahrenheit  degree  is  equivalent  to  % of  a 
centigrade  degree. 

To  change  a Fahrenheit  temperature  to  the 
corresponding  centigrade  temperature,  subtract 
32  from  the  Fahrenheit  temperature  and  then 
multiply  the  result  by  %. 

To  change  a centigrade  temperature  to  the 
corres])onding  Fahrenheit  temperature,  first  mul- 
tiply t he  centigrade  temperature  by  % and  then 
add  32  to  the  result. 

The  lowest  temperature  possible  is  .—  273°  C. 
This  temperature  is  called  absolute  zero. 

IONS 

/ .p . 

V6.  What  happens  to  the  motion  of  the  m0le-[/'i' ' ^ 
/ cules  of  a substance  when  it  is  heated?  ; 

Vt.  Which  is  at  the  higher  temperature,  a 
'^/  yellow-hot  or  a white-hot  piece  of  iron? 

8.  How  does  a clinical  thermometer  differ 
from  an  ordinary  mercury  thermometer?  / 

'^  9.  On  a hot  day  in  Ghicago  the  temperature, 

sometimes  reaches  100°  F.  What  temper^-  ^ 
ture  is  this  on  the  centigrade  scale?  ^ . ' 
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^10.  Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

]f'  (a)  When  the  temperature  of  a substance,’ 
is  increased  its  molecules  move  slower,.'^ 

(b)  A clinical  thermometer  has  a narrow 
constriction  in  the  inside  of  its  stem. 

(c)  Water  boils  at  212°  C. 

(d)  Water  freezes  at  0°  C. 

(e)  The  freezing  point  of  water  is  absolute 
zero. 

^11.  What  Fahrenheit  temperature  corresponds 
to  60°  C.? 

j 12.  A mixture  of  ice  and  salt  in  an  ice-cream 
freezer  produces  a temperature  of  0°  F. 
What  is  this  temperature  on  the  centigrade 
scale? 

13.  What  Fahrenheit  temperature  corresponds 
to  -100°  C.? 


14.  The  highest  temperature  in  summer  in  a 
certain  city  is  108  Fahrenheit  degrees  above 
the  lowest  temperature  in  winter.  What  is 
this  range  of  temperature  in  centigrade  de- 
grees? 

15.  What  are  the  temperatures  of  dry  ice 
( — 80°C.)  and  liquid  air  ( — 200°C.)  on 
the  Fahrenheit  scale? 

16.  Calculate  the  centigrade  temperature  cor- 
responding to  —40°  F. 

17.  The  melting  point  of  sulfur  is  114.5°  C. 
What  is  the  melting  point  of  sulfur  on  the 
Fahrenheit  scale? 

18.  Rocks  melt  at  about  2000°  F.  What  is  this 
on  the  centigrade  scale? 

19.  The  temperature  of  the  earth  rises  about 
1°  C.  for  every  100  feet  of  depth.  Find  the 
approximate  temperature  at  a depth  of  25 
miles. 


PROJECTS 


1.  To  Draw  a Craph  That  May  Be  Used  to 
Change  Temperature  Scales.  Place  two  ac- 
curate laboratory  thermometers,  one  Fahren- 
heit and  one  centigrade,  side  by  side  on  a 
table.  After  about  five  minutes  read  and  re- 
cord the  temperatures  indicated  by  both  ther- 
mometers. Repeat  this  procedure  with  both 
thermometers  in  a jar  of  melting  ice,  and 
then  with  both  thermometers  in  a large 
jar  of  hot  water.  Using  the  three  pairs  of 
temperatures  you  have  obtained,  draw  a 
graph  by  plotting  the  centigrade  tempera- 
tures along  the  vertical  axis  and  the  Fahren- 
heit temperatures  along  the  horizontal  axis. 
This  graph  can  be  used  to  change  tempera- 
ture scales.  For  example,  from  it  find  out 
what  Fahrenheit  temperature  corresponds  to 
30°  C.,  40°  C.,  and  60°  C.  You  can  check 
your  result  by  calculation,  using  the  method 
described  on  page  122. 

2.  Some  Effects  of  Low  Temperature. 

{a)  Hold  the  bulb  of  a thermometer  in  close 
contact  with  a few  small  pieces  of  dry 
ice.  What  happens  to  the  liquid  in  the 
thermometer?  Caution:  Wear  gloves 
when  handling  dry  ice;  it  can  freeze 
your  fingers  very  quickly. 

{b)  Fill  a small  match  box  with  mercury  and 
surround  the  bottom,  sides,  and  top  with 
crushed  dry  ice  (carbon  dioxide).  Mer- 


cury should  be  handled  over  a large  dish 
or  tray  so  that  it  will  not  be  spilled, 
since  it  is  nearly  impossible  to  pick  it 
up.  Hold  a long  pencil  vertical  in  the 
middle  of  the  mercury  as  shown  in  Fig. 
13-6  until  the  mercury  is  frozen  solid. 
Now  break  away  the  box  and  you  have  a 
mercury  hammer.  What  eventually  hap- 
pens to  your  hammer?  Note:  As  mer- 
cury is  a poisonous  substance,  wash  your 
hands  thoroughly  after  handling  it. 


Fig.  1 3—6.  Making  a mercury  hammer.  The  box  and 
mercury  are  covered  with  dry  ice  until  the  mercury 
is  frozen. 


WHAT  IS  HEAT? 


Chapter 


You  hardly  need  to  be  told  that  heat  from 
fire  is  probably  the  most  important  factor 
in  modern  civilization.  Without  it  living 
would  be  not  only  uncomfortable  but  also 
primitive.  In  the  home,  heat  gives  us  comfort. 
The  coal  or  wood  fire  on  the  hearth,  the  oil 
fire  in  the  basement,  and  the  gas  stove  in  the 
kitchen  all  contribute  to  our  pleasant  way  of 
life.  In  industry,  the  heat  of  a blast  furnace 
melts  the  iron  needed  to  make  steel.  In  trans- 
portation, locomotives,  automobiles,  planes, 
and  ships  depend  upon  heat  for  their  opera- 
tion. These  are  obvious  examples  of  the  vari- 
ous uses  of  heat.  But  do  you  realize  that  more 
than  half  our  electricity  is  generated  from  the 
heat  of  burning  coal? 

Heat  may  be  obtained  from  burning  coal;  a 
high  temperature  is  also  obtained  from  burn- 
ing coal.  What,  then,  is  the  difference  be- 
tween heat  and  temperature?  This  is  an 
important  question. 

Let  us  consider  the  temperature  of,  and  the 
heat  in,  a cupful  and  a pailful  of  boiling  water. 
If  a thermometer  is  placed  in  the  cup  and  then 
in  the  pail,  it  will  register  the  same  tempera- 
ture, 100°  C.  But  does  each  vessel  contain  the 
same  amount  of  heat?  No,  the  water  in  the 
pail  contains  the  greater  amount  of  heat. 
Clearly  there  is  some  factor  besides  tempera- 
ture that  determines  the  amount  of  heat  in 
the  water.  This  factor  is  weight. 

Units  of  Heat.  Since  the  heat  in  a body  de- 
pends upon  its  temperature  and  its  weight,  the 


unit  of  heat  includes  both  these  factors.  One 
unit  of  heat  is  called  a calorie,  which  is  the 
quantity  of  heat  needed  to  raise  the  tempera- 
ture of  one  gram  of  water  one  degree  centi- 
grade. 

Another  common  unit  of  heat  is  the  British 
Thermal  Unit,  usually  abbreviated  B.T.U.  or 
B.t.u.  In  this  unit  the  quantity  of  water  is  one 
pound  and  the  rise  in  temperature  is  one  de- 
gree Fahrenheit.  With  this  information  state 
the  definition  of  a B.T.U. 

The  B.T.U.  is  a much  larger  unit  than  the 
calorie.  A one-pound  weight  is  about  500 
times  as  heavy  as  a gram  weight,  and  one  de- 
gree Fahrenheit  is  about  half  the  size  of  one 
degree  centigrade.  Therefore  one  B.T.U.  is 
about  500  X or  250  times  as  large  as  one 
calorie.  To  be  accurate,  1 B.T.U.  = 252  cal- 
ories. 

Scientists  usually  measure  heat  in  calories, 
but  the  heat  value  of  fuels  is  usually  measured 
in  B.T.U. 

How  Heaf  Is  Measured.  Suppose  we  wish  to 
find  how  much  heat  is  needed  to  raise  the  tem- 
perature of  one  pound  of  water  twenty  degrees 
Fahrenheit.  It  is  obvious  that  twenty  times  as 
much  heat  is  needed  as  to  raise  the  tempera- 
ture of  one  pound  of  water  one  degree  Fahr- 
enheit. In  other  words,  twenty  B.T.U.  are 
needed. 

Now  suppose  we  wish  to  raise  the  tempera- 
ture of  five  pounds  of  water  one  degree  Fahr- 
enheit. Five  B.T.U.  are  needed,  or  five  times 
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as  much  heat  as  is  required  to  raise  the  temper- 
ature of  one  pound  of  water  one  degree  Fahr- 
enheit. 

Now  let  us  combine  these  two  ideas  to  solve 
a more  difhcult  problem;  How  much  heat  is 
required  to  raise  the  temperature  of  20  pounds 
of  water  from  60°  F.  to  140°  F.? 

The  temperature  of  the  water  is  to  be  raised 
140  — 60,  or  80  degrees.  To  heat  one  pound 
of  water  through  80  degrees  requires  80  B.T.U. 
Therefore  to  heat  20  pounds  of  water  through 
the  same  number  of  degrees  requires  80  X 20, 
or  1600  B.T.U. 

The  equation  for  solving  this  problem  is 

Heat  = wt.  of  water  in  pounds  X change 
of  temp,  in  degrees  F. 

= 20  X 80 
= 1600  B.T.U. 

Similarly,  if  a known  weight  of  water  cools 
through  a given  number  of  degrees,  we  can 
calculate  the  amount  of  heat  given  out.  If  the 
weight  of  the  water  is  given  in  grams  and  the 
temperature  change  in  degrees  centigrade, 
the  heat  will  of  course  be  measured  in  calories. 
For  example: 

How  much  heat  is  lost  by  500  grams  of 
water  as  it  cools  from  its  boiling  point  to 
20°  C.? 

Heat  loss  = wt.  of  water  X temp,  change 
= 500  g.  X (100  - 20)°  C. 

= 40,000  calories 

Heating  of  Different  Substances.  If  we  heat 
equal  weights  of  different  substances,  we  find 
that  their  temperatures  rise  at  different  rates 
even  though  they  receive  heat  at  the  same  rate. 
This  may  be  observed  by  heating  equal 
.weights  of  water  and  sand,  and  recording  the 
rises  in  temperature. 

Demonstration  14-1.  To  Show  That  Sand  Heats  Faster 
than  Water. 

Pour  sand  about  an  inch  deep  into  a beaker. 
Find  the  weight  of  the  sand.  Now  pour  an  equal 
weight  of  water  into  a similar  beaker.  Place  each 
beaker  on  a tripod  on  which  rests  a wire  gauze. 
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Put  a thermometer  in  each  beaker  and  read  the 
temperature  of  the  water  and  of  the  sand. 

Adjust  the  flames  of  two  burners  so  that  they 
are  small  and  of  the  same  size.  Now  put  a 
burner  under  each  beaker  and  stir  the  sand  vig- 
orously during  the  heating.  Do  you  know  why 
you  should  stir  it?  Read  the  temperature  of  the 
sand  at  intervals  of  about  ten  degrees  up  to  90° 
C.  Each  time  you  read  it,  read  also  the  tempera- 
ture of  the  water  after  stirring  it. 

The  temperature  of  the  sand  rises  much 
more  rapidly  than  that  of  the  water.  Or,  ex- 
pressed another  way,  less  heat  is  needed  to 
raise  the  temperature  of  the  sand  through  a 
certain  number  of  degrees  than  is  needed  to 
raise  the  temperature  of  the  water  through  the 
same  number  of  degrees.  Hence,  the  amount 
of  heat  in  a body  depends  not  only  on  its 

weight  and  temperature  but  also  on  the  nature 
ot  the  substance. 

Most  substances  heat  faster  than  water.  On 
a hot  summer  day,  for  example,  dry  land  is 
heated  by  the  sun  to  an  uncomfortably  high 
temperature,  and  people  flock  to  the  seashore 
to  be  cooled  by  the  breezes  blowing  in  from 
the  sea. 


HOW  HEAT  IS  OBTAINED 


Since  we  are  so  dependent  on  heat,  it  is  not 
surprising  that  man  has  tapped  several  sources 
of  heat  energy  and  is  always  looking  for  others. 
Our  main  supply  of  heat  energy  comes  from 
the  sun.  Other  important  sources  are  combus- 
tion and  electricity.  Still  another  source,  heat 
from  the  nuclei  of  atoms,  will  undoubtedly 
become  increasingly  important  in  the  future. 

Heqf  from  the  Sun.  The  sun  is  by  far  the 
most  important  source  of  heat,  since  all  life  on 
the  earth  depends  upon  it.  If  we  received  no 
heat  from  the  sun,  the  temperature  of  the 
earth  would  fall  close  to  absolute  zero,  —273° 
C.,  and  neither  plant  nor  animal  life  could 
exist. 

Although  the  sun  is  an  almost  inexhaustible 
source  of  heat  energy,  man  has  scarcely  begun 
to  tap  it  for  his  own  use.  There  is  no  satisfac- 
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Fig.  14—1.  An  early  experiment  in  capturing  the  sun's  heat  made  use  of  concave  mirrors  to 
focus  the  sun's  heat  on  water  pipes  running  down  the  center  of  the  trough-like  mirrors. 


Smithsonian  Institution 


tory  way  of  trapping  and  storing  the  sun’s  heat, 
and  most  of  it  is  dispersed  through  the  atmos- 
phere and  lost.  Nature  is  far  ahead  of  man  in 
this  respect,  for  she  has  solved  the  problem 
of  storing  the  sun’s  energy.  As  we  shall  see  in 
later  chapters,  coal  and  oil  are  storehouses  of 
solar  energy.  If  man  could  use  all  the  sunlight 
that  falls  on  the  earth,  he  would  have  no  need 
for  coal  or  oil  or  atomic  energy.  Even  the  sim- 
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Fig.  1 4— 2A.  Southern  view  of  a solar  house  designed 
by  George  and  William  Keck.  The  large  windows 
allow  maximum  sunlight  to  enter  the  house  in  winter, 
while  the  wide  overhang  of  the  roof  shades  the  rooms 
in  summer, 


light  that  falls  each  year  on  a thousand  square 
miles  of  land  (an  area  less  than  that  of  Rhode 
Island,  the  smallest  state)  would  supply  as 
much  energy  as  the  total  annual  consumption 
of  coal. 

Scientists  are  trying  to  find  ways  by  which 
the  sun’s  heat  can  be  used  to  run  machines. 
The  sun’s  heat  can  be  focused  so  that  it  can 
boil  water,  and  the  steam  can  be  made  to  run 
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Fig.  14— 2B.  Living  room  of  the  solar  house  shown  in 
Fig.  1 4— 2A.  This  photograph,  taken  at  noon  in  mid- 
winter, illustrates  the  complete  penetration  of  sun- 
light into  the  house, 
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an  engine.  But  the  sun’s  heat  is  not  obtained 
continuously.  The  sun  shines  only  by  day,  and 
even  during  the  day  the  heat  is  not  available 
when  the  sun  is  obscured  by  clouds.  So  the 
big  problem  that  faces  the  solar  scientists  is 
how  the  sun’s  heat  can  be  stored.  No  satis- 
factory solution  has  yet  been  found. 

Much  progress,  however,  is  being  made  on 


Fig.  14—3.  Sun  angles.  This  diagram  shows  how  a 
roof  with  a long  overhang  allows  maximum  sunlight 
to  enter  the  house  in  winter  but  cuts  off  entirely  the 
direct  rays  of  the  sun  in  summer.  The  sun  angles 
illustrated  are  those  found  in  the  northern  United 
States. 

solar-heating  systems  in  houses,  and  such  sys- 
tems are  already  being  used  extensively  in 
Florida,  California,  and  many  of  the  southern 
states,  and  to  a lesser  extent  in  some  of  the 
northern  states. 

To  make  maximum  use  of  the  heat  from  the 
sun’s  rays,  two  principal  methods  have  been 
developed.  Houses  designed  specifically  for 
solar  heating  are  built  with  large  windows  fac- 


ing south  and  with  wide  eaves.  Tlie  large 
windows  permit  as  much  sunlight  as  possible 
to  penetrate  inside  during  the  winter  months. 
The  wide  eaves  shade  these  windows  in  the 
summer.  This  type  of  architecture  takes  ad- 
vantage of  the  fact  that  the  sun’s  rays  reach  us 
at  a smaller  angle  in  the  winter  than  they  do  in 
the  summer,  as  shown  in  Fig.  14-3. 

The  second  method  of  solar  heating  de- 
pends not  on  the  type  of  architecture  but  on 
the  installation  of  a sun  trap  on  the  roof  of 
any  building.  Such  sun  traps  are  constructed 


Fig.  14—4.  Air  strongly  heated  in  a sun  trap  placed 
on  the  roof  can  be  used  in  conjunction  with  the 
regular  heating  system  to  help  heat  the  house  or  can 
be  by-passed  from  the  heating  ducts  to  a water 
heater  in  the  attic.  (Adapted  from  a diagram  in 
Architectural  Forum,  February,  1947.) 

of  panes  of  glass  so  arranged  as  to  absorb  as 
much  heat  as  possible  from  the  sun’s  rays  and 
to  use  it  in  heating  air  which  is  circulated 
through  the  trap.  On  sunny  winter  days,  even 
in  the  northern  states,  it  has  been  found  that 
the  sun  trap  is  capable  of  raising  the  tempera- 
ture of  the  air  passed  through  it  by  as  much 
as  110  F°.  When  hooked  into  the  thermo- 
static controls  of  the  regular  heating  system, 
this  sun-heated  air  may  be  used  either  for 
heating  the  home  or,  when  the  house  is  al- 
ready warm  enough,  for  preheating  the  hot- 
water  supply.  Actual  tests  conducted  on  a 
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conventional  house  with  a sun  trap  installed 
on  the  south  slope  of  the  roof  indicate  that 
fuel  savings  of  20  percent  are  already  possible 
and  that  in  climates  having  considerable  win- 
ter sunshine  savings  of  50  or  60  percent  may 
be  achieved. 


TEMPERATURE  AND  HEAT 

ers.  The  number  of  B.T.U.  released  when  one 
pound  of  a substance  is  completely  burned  is 
called  its  heat  of  combustion.  In  the  case  of 
gases,  however,  the  heat  of  combustion  is  usu- 
ally expressed  as  the  number  of  B.T.U.  re- 
leased when  one  cubic  foot  of  the  gas  is 
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Fig.  14—5.  Coal  is  transported  by  barges  to  a plant  where  it  is  converted  into  coke  and  coal 
gas,  both  of  which  are  important  sources  of  heat  of  combustion. 


from  Combustion.  Most  of  the  heat 
we  use  today  is  obtained  by  burning  fuels. 
When  a fuel  such  as  coal  or  gasoline  is  burned, 
heat  is  produced.  This  burning  is  called  com- 
bustion. There  are  many  examples  of  it. 
In  an  automobile,  the  combustion  of  gasoline 
provides  the  heat  needed  to  generate  power  to 
run  the  car.  In  a steam  engine,  the  combus- 
tion of  coal  supplies  the  heat  to  produce  the 
steam  in  the  boiler,  which,  in  turn,  drives  the 
engine. 

Since  combustion  is  one  of  the  most  im- 
portant sources  of  heat,  we  might  well  ask 
whether  all  fuels  give  off  the  same  amount  of 
heat  when  they  are  burned.  Actually  they  do 
not;  some  fuels  produce  more  heat  than  oth- 


burned.  The  following  table  gives  the  heat  of 
combustion  of  some  common  fuels: 


Substance  Heat  of  Combustion 

Gasoline 18,700  B.T.U.  per  lb. 

Hard  coal 14,000  B.T.U.  per  lb. 

Wood 8-9,000  B.T.U.  per  lb. 

Water  gas  530  B.T.U.  per  cu.  ft. 

Coal  gas 600  B.T.U.  per  cu.  ft. 

Natural  gas 1,000  B.T.U.  per  cu.  ft. 


Let  us  consider  for  a moment  the  heat  of 
combustion  of  hard  coal.  When  one  pound 
of  coal  is  completely  burned,  enough  heat  is 
released,  as  shown  by  the  above  table,  to  raise 
the  temperature  of  14,000  pounds  of  water 
one  degree  Fahrenheit.  Similarly,  when  one 
cubic  foot  of  natural  gas  is  burned,  enough 
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heat  is  released  to  raise  the  temperature  of 
1,000  pounds  of  water  one  degree  Fahrenheit. 

Coal  and  natural  gas  arc  in  greatest  supply 
in  western  Canada,  but  industrial  Ontario 
uses  the  coal  of  nearby  Pennsyhania.  Pipe 
lines  from  Alberta’s  natural  gas  reserves  now 
give  Canada  an  inexpensive  way  of  transport- 
ing fuel  to  industrial  centers. 

. Heat  from  Electricity.  Some  of  the  heat  that 
we  use  in  our  homes  and  in  industry  comes 
from  electricity.  When  an  electric  current 
flow’s  through  a special  type  of  wire,  a great 
deal  of  heat  is  produced.  Many  kitchen  stoves 
and  small  electric  heaters,  such  as  toasters  and 
waffle  irons,  and,  in  some  cases,  even  houses 
are  heated  by  electricity.  Electricity  is  con- 
sidered at  some  length  in  Chapters  35  and  36. 

Nuclear  Energy.  Man  has  recently  discovered 

THINGS  TO 

A British  Thermal  Unit  is  the  amount  of  heat 
needed  to  raise  the  temperature  of  one  pound  of 
water  one  degree  Fahrenheit. 

A calorie  is  the  amount  of  heat  needed  to  raise 
the  temperature  of  one  gram  of  water  one  degree 
centigrade.  1 B.T.U.  = 252  calories. 

The  heat  in  a body  depends  upon  its  weight 
and  temperature  and  on  the  nature  of  the  sub- 
stance.'Wpbuhd  of  water  has  a greater  heat  ca- 
pacity than  a pound  of  any  other  common  sub- 
stance. 


1.  Define  the  terms  calorie  and  B.T.U. 

2.  Name  four  ways  in  which  heat  can  be  ob- 
tained. 

3.  What  is  meant  by  the  term  heat  of  com- 
bustion? 

4.  Match  each  word  in  the  left-hand  column 
with  the  word  it  is , most  clearly  related  to 
in  the  right-hand  column. 

gram  thermometer 

pound  calorie 

temperature  B.T.U. 

heat  of  combustion  coal 

5.  How  much  heat  is  needed  to  raise  the  tem- 
perature of  one  gram  of  water  30  centigrade 
degrees? 


that  heat  can  be  obtained  by  splitting  the  nu- 
clei of  atoms.  Such  heat  is  called  atomic  or 
nuclear  energy.  It  is  discussed  in  Chapter  58. 
Nuclear  energy  may  in  time  become  one  of 
our  commonest  sources  of  heat  and  may  to  a 
large  extent  replace  coal  and  oil. 

I^Heot  from  Friction.  Heat  may  also  be  pro- 
duced by  rubbing  two  rough  surfaces  together, 
a process  called  friction.  As  we  learned  in 
Chapter  1,  friction  was  the  means  by  which 
early  man  obtained  the  heat  to  start  a fire. 
This  source  of  heat  is  no  longer  very  use- 
ful to  us;  in  fact,  in  the  operation  of  machinery 
friction  must  be  overcome  to  some  extent  to 
avoid  trouble.  For  instance,  unless  the  moving 
parts  of  an  automobile  are  oiled  frequently, 
friction  may  produce  so  much  heat  that  bear- 
ings will  be  burned  out. 

REMEMBER  

The  sun  is  the  most  important  source  of  heat, 
but  this  heat  cannot  be  stored  and  is  not  used 
directly  on  a large  scale  for  driving  machinery. 

The  heat  of  combustion  of  a solid  is  the  num- 
ber of  B.T.U.  releasedAvhen  one  pound  of  the 
substance  is  completely  burned. 

The  heat  of  combustion  of  a gas  is  the  number 
of  B.T.U.  released  when  one  cubic  foot  of  the 
gas  is  completely  burned. 


IONS 

6.  How  much  heat  is  needed  to  raise  the  tem- 
perature of  12  pounds  of  water  one  Fahren- 
heit degree? 

B 

7.  How  much  heat  is  needed  to  raise  the 
temperature  of  100  grams  of  water  65 
centigrade  degrees? 

8.  How  much  heat  is  needed  to  raise  the  tem- 
perature of  1 5 pounds  of  water  30  Fahren- 
heit degrees? 

9.  How  much  heat  can  be  produced  by  burn- 
ing one  ton  of  hard  coal? 

1 0.  State  fully  what  is  meant  when  we  say  that 
the  heat  of  combustion  of  gasoline  is  19,000 
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B.T.U.  per  pound  and  that  of  the  gas  acet- 
ylene is  950  B.T.U.  per  cubic  foot. 

1 1 . How  much  heat  is  required  to  raise  the  tem- 
perature of  100  pounds  of  water  from  its 
freezing  point  to  its  boiling  point? 


TEMPERATURE  AND  HEAT 

12.  How  much  heat  is  given  off  by  1,000  grams 
of  water  cooling  from  the  boiling  point  to 
the  freezing  point? 


EXPANSION 


Chapter 


In  the  preceding  chapter  we  said  that  a 
thermometer  indicates  temperature  because 
the  liquid  in  it  expands  when  heated.  As  a 
matter  of  fact,  almost  all  materials,  whether 
solids,  liquids,  or  gases,  expand  when  their 
temperature  is  raised.  The  expansion  of  a long 
steel  bridge  on  a hot  summer  day,  for  instance, 
is  considerable  and  must  be  allowed  for  when 
the  bridge  is  constructed. 


Expansion  of  Solids.  Some  solids,  like  glass, 
expand  very  little;  others,  like  steel,  expand 
much  more.  The  expansion  is  usually  so 
small,  however,  that  we  have  to  use  special  de- 
vices to  detect  it.  One  method  is  demon- 
strated in  the  following  experiment. 

Demonstration  15-1.  Expansion  of  a Solid. 

This  experiment  requires  an  iron  ball  about 
an  inch  in  diameter  and  an  iron  ring  just  large 
enough  to  allow  the  ball  to  pass  through  it.  See 
Fig.  15-1. 

Heat  the  iron  ball  for  two  or  three  minutes  in 
a Bunsen  flame;  then  try  to  foree  it  through  the 


ring.  Sinee  it  will  not  pass  through  the  ring,  we 
know  the  ball  has  expanded  as  a result  of  the 
heating. 

Now  plunge  the  hot  ball  into  a beaker  of  cold 
water  and  again  try  to  pass  it  through  the  ring. 
The  cooling  of  the  ball  restores  it  to  its  original 
size  so  that  it  can  again  pass  through  the  ring. 

Finally,  heat  both  the  ball  and  the  ring.  No- 
tice that  the  ball  can  pass  through  the  ring  at 


Cervin  Robinson 


Fig.  15—2.  A gap  between  railroad  rails  allows  for 
expansion  of  the  metal. 

all  times  when  they  are  heated  together,  show- 
ing that  the  hole  becomes  larger  as  the  ring  is 
heated.  An  important  application  of  this  fact  is 
described  later  in  the  chapter. 

Examples  of  Expansion.  If  you  examine 
some  railroad  tracks,  you  will  find  that  there 
is  a small  gap  between  the  ends  of  the  rails,  as 
shown  in  Fig.  15-2.  This  gap  allows  for  the 
expansion  of  the  rails  when  they  are  warmed 
by  the  sun.  A forty-foot  rail,  for  instance,  may 
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be  nearly  half  an  inch  longer  in  summer  than 
in  winter. 

Engineers  who  build  bridges  must  make  al- 
lowance for  expansion.  Golden  Gate  Bridge 
at  San  Francisco,  for  example,  is  4,200  feet 


Courtesy  The  Port  of  New  York  Authority 


Fig.  1 5— 3A.  A roadway  expansion  joint  on  the 
George  Washington  Bridge  between  New  York  City 
and  Fort  Lee,  New  Jersey. 


long.  Between  a very  eold  day  in  winter  and  a 
very  hot  day  in  summer  it  may  expand  as 
much  as  three  feet.  If  it  did  not  have  a deviee 
similar  to  that  shown  in  Fig.  15-3B,  it  would 
buekle.  The  diagram  shows  the  end  of  a 


Fig.  15— 3B.  Diagram  of  one  type  of  expansion 
device  for  a bridge. 


bridge  supported  on  rollers  whieh  allow  the 
bridge  to  move  baek  and  forth  as  it  expands 
and  contraets.  Interlaeed  fingerlike  projections 
in  the  roadbed  prevent  a gap  from  being 
formed  between  the  bridge  and  the  road  as  the 
bridge  eontraets  in  the  winter. 


Long  steam  pipes  also  have  deviees  to  allow 
for  expansion.  One  such  device  is  shown  in 
Fig.  15-4;  the  loop  in  the  pipe  ehanges  size  as 
the  pipe  beeomes  longer  or  shorter,  thereby  re- 
dueing  strains  that  might  produee  leaks. 

Glass  expands  when  heated,  although  its 
expansion  is  mueh  less  than  that  of  steel. 
Glass  is  also  a poor  conductor  of  heat;  it  does 
not  readily  transmit  heat  from  one  side  to  the 
other.  Therefore  if  hot  water  is  poured  rapidly 


Courtesy  Vachon,  Standard  Oil  Co.  (New  Jersey) 

Fig.  1 5—4.  The  expansion  of  a long  steam  pipe  is 
absorbed  in  a bend  or  loop  which  can  change  shape 
without  breaking. 

into  a thiek  glass  jar,  the  inside  beeomes  hot 
and  expands  before  the  heat  reaehes  the  out- 
side. The  force  of  expansion  may  break  the 
jar.  Glass  coffee  makers  and  laboratory  beak- 
ers are  therefore  made  of  thin  glass  to  reduce 
the  likelihood  of  breakage  by  sudden  changes 
in  temperature.  Often  they  are  made  of  a 
special  kind  of  glass,  such  as  pyrex,  that 
expands  only  about  one-fifth  as  much  as 
ordinary  glass. 

The  Thermostat.  When  a substance_  is 
heated,  the  amount  of  expansion  depends  not 
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only  on  the  tecaperat^e  change  but  also_£n 
the  ng^e-and  the  amount  of  the  material 
involved.  If  bands  of  two  different  metals 
are  welded  together  to  form  a bimetal  strip, 
the  different  rates  of  expansion  of  the  metals 
can  be  used  in  fire  alarms,  thermostats,  and 
other  devices. 

Demonstration  15-2.  Expansion  of  a Bimetal  Strip. 

Obtain  a strip  of  special  material  made  from 
iron  and  brass  pieces  welded  together  as  shown 
in  Fig.  15-5.  Heat  the  strip  gently  in  a Bunsen 
flame.  Which  side  of  the  strip  expands  more, 
the  iron  side  or  the  brass? 

Next,  connect  a battery  and  a bell  to  the  strip 
as  shown  in  Fig.  15-6.  Heat  the  strip  until  its 
end  touches  the  contact  and  makes  the  bell  ring. 
What  will  happen  as  the  strip  cools? 
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closes  the  switch  that  starts  the  furnace  again. 
Such  a thermostat  will  keep  a room  within 
a degree  or  two  of  any  desired  temperature. 


Fig.  1 5—6.  When  the  bimetal  strip  is  heated,  it  makes 
contact  with  the  copper  rod,  the  electric  circuit  is 
closed,  and  the  bell  rings  an  alarm. 


o 


Brass 


Iron 


This  demonstration  shows  how  one  type  of 
fire-alarm  system  operates.  The  heat  of  the 
fire  causes  the  strip  to  curl.  It  thereby  makes 
an  electric  circuit  which  rings  the  alarm.  Fire 
alarms  of  this  type  are  sometimes  installed  in 
warehouses,  in  holds  of  ships,  or  in  other 
places  where  a fire  might 
break  out  without  being 
quickly  discovered. 

Other  special  strips  of 
this  kind  are  used  in  the 
thermostats  that  regulate 
the  temperature  of  our 
homes,  schools,  and  other 
buildings.  One  kind  of 
thermostat  is  operated  by  a 
bar  consisting  of  two  pieces, 
one  brass  and  the  other 
riveted  firmly  to- 
gether. At  ordinary  indoor 
temperature,  say  70°  F.,  the 
two  strips  are  the  same 
length.  If  the  temperature  rises,  both  strips 
expand.  The  brass  expands  more  than  the 
steel,  and  the  whole  bar  bends  into  a curve 


Brass 


Fig.  15-5. 
metal  strip, 
brass  expands  more 
than  the  iron  when 
heated. 


A bi- 
The  steel. 


with  the  brass  on  thp  nntcjdp  The  lower  end 
of  the  brass  strip  breaks  an  electrical  connec- 
tion, thus  shutting  off  the  furnace.  As  the 
room  cools,  the  strip  straightens  out  and 


Many  inexpensive  thermometers  are  made 
of  bimetallic  strips.  The  strip  is  arranged  in  a 
coil  which  winds  up  as  the  temperature  rises 
and  unwinds  as  the  temperature  falls.  A 
pointer  attached  to  the  coil  moves  over  a scale 
that  indicates  the  temperature,  as  shown  in 
Fig.  15-8A. 

Contraction  on  Cooling.  The  early  Amer- 
ican settlers  made  a practical  application  of 
the  principle  of  expansion  of  materials  when 
they  constructed  an  iron  tire  for  a wooden 
wagon  wheel.  They  made  the  tire  a little 
smaller  than  the  rim  of  the  wheel.  Then  they 
heated  it  in  a bonfire  until  it  expanded  just 
enough  to  be  slipped  around  the  wheel.  They 
then  dashed  cold  water  on  the  tire.  This 
caused  the  iron  to  contract  on  the  wood  with 
such  force  that  the  tire  stayed  in  place  with- 
out the  use  of  naib. 

Today  when  a steel  tire  is  placed  on  the  rim 
of  a locomotive  wheel,  the  tire  is  heated, 
fitted  into  place,  as  shown  in  Fig.  15-7,  and 
then  cooled.  It  fits  tightly  and  does  not  slip 
even  when  the  locomotive  draws  the  heaviest 
trains.  When  the  tire  wears  out,  it  can  be  re- 
moved and  a new  one  put  in  its  place  without 
damage  to  the  main  part  of  the  wheel.  The 
next  time  you  see  a locomotive  look  at  the 
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Courtesy  American  Locomotive  Co. 

Fig.  1 5—7.  Fitting  a hot  metal  tire  to  the  rim  of 
a locomotive  wheel.  When  the  tire  cools,  it  will  shrink 
to  a tight  fit. 


big  driving  wheels  and  observe  where  the  tire 
fits  on  the  wheel. 

Steel  rivets  used  for  holding  together  the 
steel  plates  of  bridges  and  ships  are  heated 
red-hot  before  being  hammered  into  place. 
Each  rivet  has  a head  like  that  of  a screw. 
The  rivet  goes  through  the  plate  and  the  end 
is  flattened  into  another  head.  When  the  rivet 
cools,  it  contracts  with  tremendous  force  to 
make  a strong  joint. 

Expansion  of  Liquids.  Oquids  expand  rn^re 
than  solids,  and  the  effects  of  liquid  expansion 
are  both  striking  and  useful.  The  following 
demonstration  shows  that  water  expands  con- 
siderably  when  heated. 

Demonstration  15-3.  Expansion  of  Liquid. 

Fill  a small  glass  flask  with  colored  water  and 
in  the  neck  of  the  flask  insert  a rubber  stopper 
and  glass  tube,  as  shown  in  Fig.  15--9.  The  liq- 
uid should  be  part  way  up  the  tube.  Now  dip 
the  whole  flask  in  boiling  water,  observing  care- 
fully what  happens. 

The  level  of  the  liquid  in  the  tube  first 
drops  slightly  and  then  rises  rapidly  as  the 


Courtesy  Robert  Bradley  Co. 


Fig.  1 5— 8A.  A dial  thermometer  which  uses  a bi- 
metal coil  rather  than  a column  of  mercury  for  its 
operation. 


Courtesy  Robert  Bradley  Co. 


Fig.  1 5— 8B.  The  bimetal  coil  and  pointer  of  a dial 
thermometer.  As  the  coil  winds  up  or  unwinds  be- 
cause of  temperature  changes,  the  pointer  is  mpved» 
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water  in  the  flask  is  wanned.  What  caused 
the  level  of  the  liquid  to  drop?  I'he  drop  was 
due  to  the  expansion  of  the  flask,  which  gets 
hot  before  the  liquid  does.  As  the  liquid  be- 
comes hot,  however,  the  flow  is  soon  reversed 


in  the  tube.  This  happens  because  the  expan- 
sion of  the  liquid Js  greater  than  that  of  Jhe 
glass.  Since  liquids  are  held  in  solid  contain- 
ers, such  as  jars  or  bottles  or  cans,  we  observe 
only  the  difference  between  the  two  expan- 
sions. Because  of  this  difference  the  mercury 
in  the  thermometer  indicates  changes  in  tem- 
perature. If  the  glass  of  the  thermometer  ex- 
panded  as  much  as  the  mercury,  the  mercury 
woujd  not  rise  in  the  stem. 

Perhaps  you  have  noticed  that  bottles  con- 
taining liquids  such  as  ginger  ale  or  cola 
drinks  are  never  filled  completely.  The  rea- 
son for  this  is  that  space  must  be  allowed  for 
the  expansion  of  the  liquid.  If  the  bottles 
were  filled  to  capacity,  they  might  leak  or  even 
break  if  stored  in  the  sun  or  near  a radiator. 

Expansion  of  Gases.  Galileo’s  thermometer. 


you  will  recall,  depended  for  its  operation  on 
the  expansion  of  a gas.  As  a matter  of  fact, 
ga^j^  expand  20  times  as  much  as  mercury  and 
1^  times  as  much  as  steel.  Another  peculiar- 
ity of  gases  is  thatThey  ah  expand  by  nearly 
the  same  amount  v(men  heated  the  same  num- 
ber of  degrees^  In  this  respect  they  differ  con- 
siderably from  liquids  and  solids. 

Gases  are  composed  of  molecules,  but  the 
molecules  occupy  surprisingly  little  of  the 
volume;  in  ordinary  air,  for  instance,  the  mole- 
cules constitute  only  about  one-thousandth  of 
the  volume  and  the  rest  is  empty. 

When  the  air  in  a container  isjj^ated,  the 
speed  of  the  molecules  increases.  The  mole- 
cules  therefore  bombard  the  walls  of  the  con- 
tainer harder  and  faster  than  before,  which 
produces  an  increase  iri.  pressure.  If  the  gas 
is  in  a container  that  expands  easily,  such  as 
a balloon,  heating  does  not  materially  increase 
the  pressure  of  a gas  but  merely  causes  it  to 
expand. 

Cooling  a gas  produces  the  opposite  effect; 
that  is,  the  molecules  jlow  down  as  the  tem- 
perature of  the  gas  falls,  and  the  pressure 
decreases. 


Demonsfration  15-4.  Collapsing  a Tin  Can  by  Cooling 
the  Air  Inside. 

Heat  a gallon  tin  can.  Then  quickly  screw  on 
a tight-fitting  cover  and  play  a stream  of  cold 
water  over  the  can.  The  can  collapses. 

Why  does  the  can  collapse?  Why  are  the 
walls  pushed  in?  The  air  in  the  can  expanded 
when  heated  and  some  of  it  escaped,  so  that 
the  molecules  left  behind  were  spaced  farther 
apart.  When  the  cover  was  screwed  on  and 
the  can  cooled,  the  molecules  inside  slowed 
down  and  exerted  less  pressure  on  the  walls 
of  the  container.  As  a result,  the  pressure  of 
the  atmosphere  was  great  enough  to  cause 
the  walls  of  the  can  to  cave  in. 

Heating  a Gas  by  Compression  and  Cool- 
ing by  Expansion.  When  you  use  a bicycle 
pump  vigorously  to  pump  up  a tire,  the  bgt- 
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tom  of  the  pump  becomes  warm.  The  work 
you  do  and  the  heat  produced  by  it  are  closely 
connected.  Where  does  the  heat  come  from? 
As  the  piston  is  pushed  into  the  pump,  it 
strikes  against  air  molecules,  making  them 
move  a little  faster  and  thereby  raising  their 
temperature.  The  work  you  do  shows^j^_as 
heat  in  the  ggsTTn^tEer  words,  work  can  hje 
converted  into  heat.  In  a similar  way,  heat 
is  produced  when  the  gas  in  a cylinder  of  a 
Diesel  engine  is  compressed.  This  heat  of 
compression  causes  the  fuel  to  burn,  an  effect 
discussed  in  detail  in  Chapter  32. 

On  the  other  hand,  if^a  gas  ys  allowedjto 
expand  rapidly,  it  cools  and  absorbs  heat  from 
its  surroundings.  For  instance,  air  that  is  al- 
lowed to  escape  rapidly  from  a bicycle  tire 
feels  much  cooler  than  the  surrounding  air. 
This  cooling  effect  is  shown  strikingly  in  the 
following  demonstration. 

THINGS  TO 

Solids,  liquids,  and  gases  expand  when  heated 
and  contract  when  cooled.  Liquids  expand  more 
than  solids,  and  gases  expand  more  than  solids 
and  liquids. 

Expanding  solids  can  exert  a great  force;  so 
can  contracting  solids. 

Different  materials  expand  at  different  rates, 
except  that  all  gases  expand  at  about  the  same 
rate. 
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Demonstration  15-5.  Cooling  a Gas  by  Expanding  It. 

Carefully  open  the  valve  of  a tank  of  com- 
pressed carbon  dioxide.  Find  the  temperature  of 
the  escaping  gas  with  a thermometer.  What  was 
the  temperature  of  the  gas?  How  does  it  com- 
pare with  the  temperature  of  the  air? 

Why  has  the  gas  cooled?  The  molecules  of 
carbon  dioxide  in  the  tank  are  packed  so  close 
together  that  they  exert  a high  pressure  on  the 
walls  of  the  tank.  Since  the  molecules  are 
at  room  temperature,  however,  they  are  not 
moving  exceptionally  fast.  When  the  valve  is 
opened,  the  carbon  dioxide  molecules  stream 
out,  pushing  against  the  air  molecules.  The 
air  slows  them  down,  thereby  lowering  their 
temperature.  This  process  of  cQjQling.  a.^asJ)y 
allowing  it  to  expand  is  fundamental  to  tbe 
operation  of  the  heat  engines  described  in 
Chapters  31  and  32. 

REMEMBER  

Heating  a gas  either  raises  its  pressure  or 
makes  it  expand,  or  does  both.  Cooling  a gas 
produces  the  reverse  effect. 

Compressing  a gas  heats  it;  expanding  a gas 
coots  ft. 

Gas  pressure  is  caused  by  the  bombardment 
of  a surface  by  the  rapidly  moving  gas  molecules. 
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QUESTIONS 
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Jl.  A suspended  telephone  wire  sags  more  in 
the  summer  than  in  the  winter.  Why? 

7 2.  Does  the  hole  in  a metal  plate  become 
smaller  or  larger  when  the  plate  is  heated? 

J 3.  Why  are  laboratory  beakers  made  of  thin 
glass? 

j 4.  What  is  a thermostat? 

5.  How  does  the  motion  of  gas  molecules  in  a 
closed  vessel  change  when  the  gas  is  heated? 

6.  Does  the  air  escaping  from  the  valve  of  an 
automobile  tire  feel  warmer  or  cooler  than 
the  surrounding  air? 


7.  Long  steam  pipes  frequently  have  a loop. 
Explain  the  purpose  of  the  loop. 

fOn  what  three  factors  does  the  expansion 
of  a solid  depend? 

Why  are  rivets  heated  before  being  ham- 
mered into  place? 


1 0.  Which  metal  when  heated  would  be  on  the 
outside  of  the  curve  of  a bimetal  strip  of 
iron  and  brass?  Why? 

1 1 . How  does  a bimetal  thermostat  operate? 

12.  The  cap  of  a cold  and  nearly  empty  milk 
bottle  may  be  forced  out  of  the  bottle  if 
the  bottle  is  allowed  to  stand  in  a warm 
kitchen.  What  causes  this? 
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13.  If  you  fill  the  tires  of  your  car  in  the  cool 
morning  before  a long  drive  on  a hot  sum- 
mer day,  should  you  fill  them  to  a higher 
or  lower  pressure  than  normal?  Explain. 

14.  Name  two  ways  in  which  the  expansion  of 
gases  differs  from  the  expansion  of  solids. 

15.  Air  molecules  in  a balloon  move  with  the 
same  speed  as  free  air  molecules  at  the  same 
temperature.  How  can  the  molecules  inside 

P RO  J 

1.  To  Construct  a Simple  Temperature  Regu- 
lator. Fill  a large  test  tube  with  salt  water. 
Into  the  top  of  it  press  a two-hole  rubber 
stopper  containing  a small-bore  glass  tube  and 
a copper  rod  as  shown  in  Fig.  15-10.  Con- 
nect a dry  cell  and  a 1.5-volt  flashlight  bulb 
as  shown.  Now  if  the  water  is  heated,  it  will 
rise  up  the  glass  tube  and  turn  on  the  light. 
What  might  the  device  be  used  for? 

2.  To  Show  That  Air  Contracts  on  Cooling. 
Cook  an  egg  until  it  is  hard  boiled  and  then 
remove  the  shell.  Place  a milk  bottle  in  hot 
water  for  five  minutes  or  so.  Remove  the  bot- 
tle from  the  water  and  place  the  egg  in  the 
mouth  of  the  bottle  so  that  it  acts  as  a 
stopper.  Notice  that  the  egg  is  slowly  sucked 
into  the  bottle.  Can  you  explain  what  has 
happened? 
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a balloon  be  made  to  exert  a greater  pres- 
sure than  those  outside? 

16.  Some  gas  in  a cylinder  is  suddenly  com- 
pressed by  a piston.  The  compressed  gas  is 
then  released  through  a small  hole  in  the 
top  of  the  cylinder.  Explain  any  tempera- 
ture changes  that  take  place  and  give  a rea- 
son for  these  changes. 


CTS 


Fig.  15—10.  A simple  temperature  regulator. 


HOW  HEAT  TRAVELS 


Chapter 


How  does  heat  travel  along  an  iron  poker? 
How  does  a hot-water  heating  system  work? 
Why  are  desert  regions  hot?  What  is  an 
ocean  current?  How  does  the  sun’s  heat  reach 
the  earth?  Why  are  houses  insulated?  The 
answers  to  all  these  questions  involve  the 
transfer  of  heat.  The  questions  themselves 
also  suggest  that  heat  can  travel  in  different 
ways.  The  passage  of  heat  through  an  iron 
poker  is  quite  different  from  the  flow  of  heat 
in  an  ocean  current;  and  this,  in  turn,  is  quite 
different  from  the  transfer  of  the  sun’s  heat 
to  the  earth. 

Heat  can  be  transferred  in  three  different 
ways:  conduction,  convection,  and  radiation. 
We  shall  consider  each  method  in  turn.  Since 
we  cannot  see  heat,  we  can  tell  when  it  is 
traveling  onlv  by  the  effects  it  produces.  For 
instance,  when  heat  moves  from  one  object 
to  another,  a cold  object  may  become  warmer, 
a solid  may  melt,  or  a liquid  may  turn  to 
vapor. 

Conduction.  If  one  end  of  an  iron  rod  is  put 
into  a fire,  the  other  end  soon  becomes  un- 
comfortably hot.  How  does  the  heat  travel? 
Certainly  there  is  no  flow  of  hot  particles  of 
iron,  because  iron  is  a solid.  The  fire  makes 
the  molecules  of  the  iron  vibrate  faster  at  the 
heated  end  of  the  rod.  These  fast-moving 
molecules  collide  with  the  slower,  cooler  mole- 
cules nearby,  causing  them  to  vibrate  faster. 
These,  in  turn,  strike  against  the  next  ones, 
until  eventually  all  the  molecules  of  the  bar 


are  moving  more  rapidly  than  before,  and  the 
whole  bar  is  warm.  In  other  words,  the  heat 
spreads^fxom  molecule  to  molecule  through 
th^bar.  This  method  of  transmitting  heat  by 
molecular  vibration  is  called  conduction. 


Courtesy  U.S.  Air  Force 

Fig.  1 6—1 . This  insulating  suit  is  worn  to  protect  air- 
men against  the  cold  at  high  altitudes.  Notice  the 
heavy  gloves  used  for  handling  the  metal  equipment. 
Why  are  they  necessary? 

All  metals  are  good  conductors  of  heat. 
Polar  explorers  know  this,  and  in  cold  weather 
they  always  handle  metals,  such  as  a gun  bar- 
rel, with  gloved  hands.  If  a person  touched 
the  metal  with  his  bare  hands,  he  would  be 
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in  danger  of  becoming  frostbitten  because 
i the  metal  would  conduct  the  heat  away  from 
his  hands  very  rapidly. 

Nonmetals— such  as  wood,  glass,  water,  and 
air — are,  in  general,  poor  conductors,  or  in- 
sulators. Ordinary  glass  is  such  a poor  con- 
ductor that  a piece  can  be  held  safely  with  the 
fingers  only  a few  inches  from  a red-hot  part 
of  it.  Air  is  used  as  a heat  insulator  in  many 
different  ways.  Storm  windows,  for  instance, 
hold  a layer  of  air  between  their  panes  and 
those  of  the  regular  windows;  blankets  and 
woolen  clothing  hold  air  entangled  in  their 
fibers  and  protect  us  from  the  cold.  Asbestos 
fibers  are  used  in  stoves  and  fire  curtains  to 
reduce  the  danger  of  damage  from  fire. 


Fig.  1 6—2.  Testing  the  conductivity  of  various 
materials. 

Rocks  are  poor  conductors.  Only  the  parts 
of  the  rock  near  the  surface  are  heated  by  the 
sun,  the  underlying  layers  remaining  almost 
unaffected.  It  follows  that  only  the  surfaces 
of  rocks  expand.  The  expansion  sets  up  strains 
that  crack  the  rock  surfaces,  breaking  the  rocks 
to  smaller  fragments.  As  we  have  learned, 
this  process  is  known  as  weathering. 

That  all  materials  do  not  conduct  heat 
equally  well  is  shown  in  the  following  demon- 
stration. 

Demonstration  16-1.  Conductors  and  Insulators. 

Arrange  rods  of  copper,  aluminum,  iron,  and 
pyrex  glass  as  shown  in  Fig.  16-2.  On  the  end 
of  each  place  a bit  of  paraffin  wax.  Heat  all  the 
materials  at  the  same  time  with  a Bunsen  flame. 
Notice  the  rod  on  which  the  paraffin  melts  first; 


this  is  the  best  conductor.  Which  is  the  best 
conductor?  Which  is  the  poorest?  How  would 
you  explain  the  difference  in  terms  of  molecular 
motion? 

The  best  conductor  of  heat  is  silver:  copper 
is  a close  second.  Both  metals  are  also  good 
conductors  of  electricity.  Gases  and  most  liq- 
uids are  among  the  poorest  eonductors  of 
heat.  Can  you  tell  why? 

Another  interesting  experiment  on  conduc- 
tion can  be  performed  by  lowering  a piece  of 
copper  gauze  over  the  flame  of  a Bunsen 
burner  as  shown  in  Fig.  16-3.  The  flame  is 
stopped  by  the  gauze.  Why?  Does  the  gas 
pass  through  the  gauze?  Apply  a lighted 


Fig.  1 6—3.  An  open  mesh  of  copper  gauze  stops  a 
Bunsen  burner  flame  because  of  conduction. 

match  above  the  gauze  and  show  that  the  gas 
burns.  Why  did  it  not  burn  at  first?  The  rea- 
son is  that  the  metal  gauze  conducts  the  heat 
of  the  flame  away  so  fast  that  any  gas  which 
passes  through  the  gauze  is  cooled  so  much 
that  it  does  not  burn. 

This  experiment  led  to  the  important  in- 
vention of  the  Davy  safety  lamp,  which  is 
used  in  coal  mines  (see  page  214). 

Co^ection.  If  you  hold  your  hand  some  dis- 
tance above  the  flame  of  a Bunsen  burner,  it 
feels  hot.  A space  containing  air  separates  your 
hand  from  the  flame.  Your  hand  is  therefore 
not  heated  by  conduetion,  because  air  is  a poor 
conductor.  Instead,  the  flame  heats  the  air 
which  expands  and  rises  and  then  heats  youi 


142 

hand.  In  other  words,  an  aiv  fiow,  or^enr- 
rent,  is  formed.  JThi^s  method  of  heat  transfer 
is  caWedy onvection,^' 

Actuaily^The  Bunsen  flame  has  created  a 


Fig.  1 6—4.  A smoke  box  for  showing  convection 
currents  in  air. 

miniature  hot  wind,  which  is  simply  a con- 
vection current  caused  by  hot  gas  flowing 
from  a hotter  to  a cooler  region.  Convection 
in  a gas  can  be  illustrated  by  the  following 
demonstration. 


Fig.  1 6—5.  Convection  currents  in  a beaker  of  water. 

Demonstration  16-2.  Convection  in  a Gas. 

Obtain  a box  with  two  glass  chimneys  and 
a glass  front,  as  shown  in  Fig.  16-4.  Place  a 
lighted  candle  unde-r  one  chimney.  Now  hold  a 
piece  of  smoking  punk  first  over  one  chimney 
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and  then  over  the  other.  How  would  you  de- 
scribe the  motion  of  air  in  each  of  the  chimneys? 

The  air  in  one  chimney  is  warmed  by  the 
candle  flame,  expands,  and  rises  up  the  chim- 
ney. Cool  air  goes  down  the 
other  chimney,  is  warmed, 
and  rises  in  turn.  Thus  we 
have  a convection  current 
set  up  in  the  air  by  which 
the  heat  from  the  candle 
is  transferred  up  and  out 
the  chimney  by  the  motion 
of  heated  air. 

Before  large  ventilating 
fans  were  used,  coal  mines 
were  supplied  with  fresh  air 
in  the  same  way.  A fire  was 
built  at  the  bottom  of  one 
shaft,  thus  creating  a con- 
vection current  and  draw- 
ing fresh  air  into  the  mine 
through  other  shafts.  This 
method  was  dangerous  be- 
cause explosive  gases  re- 
leased from  the  coal  were 
sometimes  ignited  by  the 
flame. 

Precisely  the  same  kind 
of  flow  occurs  in  water 
when  it  is  heated.  The  direction  of  the  ar- 
rows in  Fig.  16-5  shows  the  direction  of  flow 
of  such  currents  in  a beaker  of  water.  How- 
ever, a convection  current  in  a liquid  can  be 
shown  more  clearly  by  the  following  method. 

Demonstration  16-3.  A Miniature  Hot-Water  Heating 
System. 

Bend  some  pyrex  tubing  into  the  shape  shown 
in  Fig.  16-6.  Fill  the  apparatus  with  water  and 
put  some  red  ink  into  the  top  container.  Heat 
the  bottom  of  the  flask.  What  happens  to  the 
red  ink?  What  happens  to  the  water  in  the 
side  loop? 

The  heat  from  the  flame  warms  the  water 
in  the  flask,  making  it  expand.  The  warm 
water  is  less  dense  than  the  cold  water  in  the 
straight  tube,  and  therefore  rises;  the  cold 


Fig.  1 6—6.  Convec- 
tion currents  of  wa- 
ter in  a miniature 
hot-water  heating 
system. 
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water  moves  in  to  take  its  place.  The  cold 
water  is  heated  in  turn  and  moves  up,  thus 
producing  a continuous  circulation  or  convec- 
tion current.  In  this  way  heat  is  carried  by  the 
moving  water  to  all  parts  of  the  system. 

An  ocean  current  is  simply  a convection 
current  on  a grand  scale.  The  Gulf  Stream, 
for  instance,  travels  for  hundreds  of  miles 
across  the  Atlantic  Ocean  and  carries  heat 
from  the  tropical  regions  of  Central  America 
to  northwest  Europe.  Ocean  currents  have  a 
considerable  influence  on  the  climate  of  a 
countn\  Without  the  Gulf  Stream  the  cli- 


mate of  the  British  Isles  and  Scandinavia 
would  be  much  colder  than  it  is. 

House  Heating  Systems.  Convection  cur- 
rents are  commonly  used  in  heating  houses. 
There  are  two  such  systems,  hot-air  and  hot- 
water.  In  both  systems  the  furnace  provides 
heat  that  is  distributed  by  convection  to  all 
parts  of  the  house. 

Hot-Air  Heating  System.  The  furnace  for 
this  type  of  heating  system  has  a firebox  in  the 
center;  a connecting  chimney  carries  off  the 
fumes  from  the  burning  coal.  Surrounding 
the  firebox  is  a metal  shell,  as  shown  in  Fig. 


16-7,  through  which  air  flows  and  is  heated. 
This  hot  air  is  carried  by  large  pipes  to 
the  rooms  of  the  house.  The  air  circulates 
through  the  rooms,  gradually  losing  heat,  and 
eventually  flows  down  return  pipes  to  the  fur- 
nace to  be  reheated.  This  system  of  heating 
is  relatively  inexpensive  to  install  and  is  quite 
satisfactory  for  small  houses. 

Hot-Water  Heating  System.  Another  heat- 
ing system  makes  use  of  hot  water  instead  of 


Fig.  16—8.  Diagram  of  a simple  hot-water  furnace 
heating  system. 

hot  air.  Iron  pipes  in  the  top  of  the  furnace 
contain  water  which  is  heated  by  the  fire. 
The  hot  water  rises  through  pipes  to  radiators 
in  the  rooms  of  the  house,  where  it  gives  up 
its  heat  to  the  air  of  the  room:  then  it  returns 
by  other  pipes  to  the  furnace  to  be  reheated. 
An  expansion  tank,  frequently  placed  in  the 
attic,  is  generally  used  to  take  care  of  the 
expansion  of  the  water  as  it  is  heated.  Some- 
times a small  circulating  pump  is  installed  in 
the  system  to  help  the  flow  of  water.  A hot- 
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water  heating  system  is  shown  in  Fig.  16-8. 

The  radiators,  which  are  heated  by  the  hot 
water,  give  up  their  heat  to  the  air  bv  con- 
duct!^. 'i'he  ^ir  then  circulates  by  convec- 
tion. There  is  still  another  method,  however, 
by  which  heat  leaves  the  radiator,  that  is,  by 
radiation. 

Radiation.  Place  your  hands  under  an  elec- 
tric light  bulb.  How  does  the  heat  reach  your 
hand  from  the  glowing  filament?  It  cannot  be 
by  convection  currents  since  convection  cur- 
rents rise  from  heated  bodies.  Nor  can  it  be 
by  conduction,  for  air  is  a poor  conductor 
of  heat.  Actually,  the  heat  travels  by  radia- 
tion. Indeed,  experiments  show  that  this  type 
of  heat  travels  easily  through  a vacuum  and 
that  it  can  be  refleeted  by  mirrors.  In  fact,  it 
behaves  very  mueh  like  light,  and  it  is  ealled 
radiation  or  radiant Jieat. 

This  is  how  the  sun  heats  the  earth.  The 
sun  radiates  an  enormous  amount  of  heat 
into  space  in  all  directions.  Only  a tiny  frac- 
tion of  this  heat  hits  the  earth,  however,  the 
rest  being  wasted  in  spaee.  Yet  all  the  life  on 
the  earth  depends  on  the  small  fraetion  of 
the  sun’s  heat  that  strikes  it.  Green  plants 
use  sunlight  to  produce  their  food,  and  these 
plants  are  the  source  of  both  food  for  man 
and  coal  for  his  engines.  We  shall  see  in  a 
later  chapter  that  climate  is  also  dependent 
on  the  sun’s  radiant  heat. 

Radiation  is  reflected  from  white  or-shiny 
surfaees  and  is  absorbed  bv  dark  surfaees . 

This  may  be  observed  by  putting  a square  of 
white  eloth  and  a square  of  blaek  eloth  on 
clean  snow  in  sunlight.  The  white  cloth  re- 
flects the  radiant  heat  and  remains  on  the 
surface;  the  blaek  eloth  absorbs  the  heat,  the 
snow  beneath  melts,  and  the  eloth  sinks  into 
it.  For  the  same  reason  dark  leaves  quiekly 
sink  beneath  the  surfaee  of  snow,  and  bits 
of  dirt  or  ashes  melt  their  way  through  the 
ice  on  a sidewalk  and  help  to  break  up  the 
slippery  surfaee  even  on  a very  cold  day. 

Conversely,  black  objects  ^dia^  heat  more 
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readily  than  shiny  ones.  For  this  reason  the 
radiators  in  a room  should  be  painted  black  if 
they  are  to  heat  a room  eEciently.  The  hot- 
ter an  object,  the  greater  the  radiation  from 
it.  The  sun,  for  instance,  has  a surface  tem- 
perature of  over  6000°  C.,  which  explains  the 
vast  amount  of  heat  it  radiates. 

Scientists  now  believe  that  when  heat  is 
transferred  from  place  to  place  by  radiation, 
the  heat  energy  is  first  changed  into  waves 
like  light.  These  waves  move  through  space 
and  are  changed  back  into  heat  only  when 
they  are  absorbed.  Thus  heat  coming  from 
the  sun  warms  the  earth,  which  absorbs  it,  but 
does  not  appreciably  warm  the  air  or  empty 
space  through  which  it  passes. 

Demonstration  16-4.  Absorption  of  Heat. 

Hold  a thermometer  in  the  sooty  part  of  the 
flame  of  burning  eamphor  until  the  bulb  is 
coated  with  a thin  black  layer  of  carbon.  Take 
care  not  to  get  the  thermometer  too  hot.  Then 
place  this  thermometer  and  a similar  but  im- 
coated  one  side  by  side  in  a room  out  of  the 
direct  sunlight.  After  a few  minutes  read  the 
temperatures;  then  place  the  instruments  in  sun- 
light. Read  them  every  three  minutes  for  a 15- 
minute  period.  What  is  the  maximum  tempera- 
ture difference? 

The  two  thermometers  should  read  the  same 
in  the  absence  of  direct  sunlight.  Since  there 
is  little  radiation  to  be  absorbed  by  them,  both 
will  record  the  temperature  of  the  air.  But  in 
sunlight  the  reading  of  the  coated  instrument 
will  rapidly  become  higher  than  that  of  the 
ordinary  thermometer.  Can  you  explain  why? 
Can  you  guess  what  would  happen  if  the  two 
thermometers  were  placed  near  a cake  of  ice? 
Try  it. 

Measuring  Radiation.  A simple  instrument 
for  demonstrating  the  presence  of  radiant 
heat  is  the<Cradiomet^,  shown  in  Fig.  16-9. 
It  consists  of  four  vanes  mounted  on  a shaft 
that  turns  freely  inside  a partially  evacuated 
glass  bulb.  One  side  of  each  vane  is  coated 
with  lampblack  and  the  other  side  is  shiny. 
When  radiation  falls  on  the  black  surface  it 
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is  absorbed  and  the  temperature  of  the  sur- 
face rises.  The  radiation  is  reflected  from  the 
shiny  side  as  from  a mirror  and  the  temper- 
ature of  that  side  of  the 
vanes  does  not  rise.  Air 
molecules  in  contact  with 
the  dark  surface  are  heated 
and  move  about  more 
briskly,  thereby  pushing 
away  the  black  surface  and 
making  the  shaft  rotate. 


Land  and  Sea  Breezes. 

Convection  and  radiation 
produce  large-scale  effects 
in  the  earth's  atmosphere. 

One  example  is  the  breeze 
at  the  seashore.  A sea 
breeze  is  a small-scale  wind 
that  often  blows  along  the 
seashore  and  along  the 
shores  of  large  lakes  on 
clear  sunny  days.  It  begins  as  a gentle  wind 
a few  hours  after  sunrise,  blows  strongest  in 
the  early  afternoon,  and  dies  out  about  sun- 
set. 

To  understand  what  causes  this  breeze,  let 


Fig.  1 6—9.  A radi- 
ometer whose  vanes 
whirl  when  radiant 
heat  falls  on  them. 
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on  the  land  and  the  water.  Both  the  land 
and  the  water  absorb  heat  from  the  sun’s  ra- 
diation and  begin  to  warm  up  as  soon  as  the 
sun  rises.  The  land,  however,  is  a better  ab- 
sorber than  the  water;  and  a given  amount 
of  absorbed  heat  raises  the  temperature  of 
land  more  than  that  of  water.  As  a result  of 
both  these  effects  the  land  is  heated  faster 
than  the  water,  and  the  air  above  the  land 
becomes  quite  warm.  This  warm  air  expands 
and  rises,  and  a convection  current  is  started 
in  which  the  cooler  ah  from  the  water  flows  in 
toward  the  land  to  replace  the  warm  air. 
Fig  16-10  shows  the  direction  of  this  convec- 
tion current,  which  is  called  a sea,  breeze. 

The  sea  breeze  does  not  blow  far  inland. 
On  summer  days  the  temperature  may  be  very 
high  a few  miles  inland,  whereas  near  the 
shore,  where  the  sea  breeze  blows,  it  may  be 
ten  or  twenty  degrees  cooler. 

During  the  night  both  land  and  water  ra- 
diate heat  to  outer  space.  Since  the  land  is  a 
good  radiator  it  cools  off  faster  than  the  water. 

As  a result  the  air  over  the  land  cools  and  the 
air  over  the  water,  being  warmer  than  the  air 
over  the  land,  rises.  Cold  air  from  the  land 
then  blows  out  over  the  water  to  form  a con- 
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that  a land  breeze  blows  in  the  opposite  di- 
rection from  a sea  breeze. 


AIR  CONDITIONING 

Insulation.  For  pleasant  and  healthful  liv- 
ing a house  should  not  be  too  cold  in  winter 
nor  too  hot  in  summer.  In  the  past  far  more 
emphasis  has  been  placed  on  heat  in  winter 
than  on  coolness  in  summer.  In  recent  years, 
however,  it  has  been  discovered  that  the  same 
insulating  material  that  prevents  a house  from 
losing  heat  in  winter  will  also  keep  it  cool  in 
summer. 

Heating  a house,  as  we  have  seen,  requires 
careful  planning.  Conduction,  convection,  and 
radiation  all  play  a part  in  the  transfer  of  heat 
from  the  furnace  to  the  various  parts  of  the 
house.  If  the  heating  system  is  to  be  efficient, 
precautions  must  be  taken  to  see  that  the 
heat  does  not  leak  out  of  the  house.  For  this 
reason  up-to-date  houses  are  insulated  with  a 
material,  such  as  rock  wooL  that  is  forced  into 
the  spaces  between  the  inner  and  outer  walls 
of  the  house  and  under  the  roof.  Rock  wool 
is  a rather  fluffy  material  made  by  melting 
certain  kinds  of  rock  and.then  blowing  it  into 
fibers  by  compressed  aiiC^^Both  the  fibers  and 
the  air  between  them  are  poor  conductoxs  of 
h^t,  ancfethe  tangled  mass  of  fibers  prevents 
convection  currents  from  forming.  Insulating 
a house  in  this  way  results  in  a considerable 
saving  of  fuel  and  may,  in  a few  years,  pay  for 
the  cost  of  installation. 

Insulation  also  keeps  the  house  cooler  in 
summer,  since  the  sun’s  heat  cannot  penetrate 
the  insulating  layer.  A drop  in  temperature 
of  1 0 degrees  centigrade  has  been  achieved  by 
insulating  a house  in  this  way.  More  comfort 
can  often  be  obtained  by  installing  a fan  in 
the  attic  to  push  the  warm  air  out  and  thus 
draw  cool  air  up  from  the  lower  floors.  This  is 
especially  helpful  at  night,  when  the  air  out- 
doors cools  more  rapidly  than  that  in  the 
house. 
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Relative  Humidity.  Air  may  be  too  dry  or 

too  moist  for  comfort.  Too  little  moisture  in 
the  air  may  cause  the  air  passages  of  the  nose 
and  throat  to  dry  out.  Excess  moisture  makes 
doors  swell  and  stick,  and  is  harmful  to  furni- 
ture; whereas  too  little  moisture  dries  out 
furniture  and  may  cause  it  to  fall  apart.  Mod- 
ern air  conditioning  therefore  includes  the 
control  of  moisture. 

The  effects  of  moisture  in  air  depend  on 
both  the  water  vapor  present  and  the  temper- 
ature. When  air  is  warm  it  can  hold  more 
water  vapor  than  when  it  is  cold.  For  exam- 
ple, on  a warm,  moist  summer  day  a glass  of 
ice  water  soon  becomes  covered  with  drops  of 
water.  This  is  due  to  the  fact  that  the  warm 
air  in  contact  with  the  cold  glass  is  cooled  so 
much  that  the  moisture  in  the  air  condenses 
on  the  surface  of  the  glass.  Dew  on  plants 
and  frost  on  windowpanes  are  produced  in 
the  same  way. 

More  important  than  the  amount  of  mois- 
ture in  the  air  is  the  relative  humidity.  Warm 
air  can  hold  more  moisture  than  cxiLd_air. 
Relative  humidity  is  the  ratio  of  the  actual 
amount  of  water  present  to  the  maximum 
amount  of  vapor  the  air  can  hold  at  that 
temperature.  Or, 

Moisture  present  in  air 

Relative  humidity  = ^ — : 

^ Maximum  amount  pos- 
sible at  that  temper^ure 

Relative  humidity  is  usually  expressed  as  a per- 
centage. For  instance,  if  air  contains  half  as 
much  moisture  as  it  can  hold  at  a given  tem- 
perature, the  relative  humidity  is  50  percent. 
If  the  air  contains  all  the  moisture  possible 
at  a given  temperature,  the  relative  humidity 
is  100  percent,  and  we  say  that  the  air  is 
saturated.  If  saturated  air  is  cooled,  moisture 
condenses  as  a fog  or  rain.  That  is  why  walls 
get  wet  and  pipes  sometimes  drip  in  the  sum- 
mer. Warm  moist  air  enters  a cool  house;  as 
it  cools,  it  becomes  saturated,  and  some  of  the 
moisture  condenses  on  the  walls  and  pipes. 
If  air  is  warmed,  the  relative  humidity  drops, 
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which  accounts  for  the  frequent  dryness  of 
the  air  in  a house  in  winter. 

A good  air-conditioning  system  adds  water 
to  air  in  winter  when  it  becomes  too  dry,  and 


removes  moisture  in  summer.  For  comfort, 
when  the  temperature  of  the  air  in  a room  is 
68°  F.,  the  relative  humidity  should  be  be- 
tween 30  and  60  percent. 


THINGS  TO  REMEMBER 


Heat  can  be  transmitted  in  three  ways:  con- 
clusion, convection,  and  radiation. 

Conduction  is  the  transfer  of  heat  through  a 
substai^  from  molecule  to  moleculeT 

Metals  are  good  conductors  of  heat;  most  non- 
metals,  liquids,  and  gases  are  poor  conductors. 
Convection  is  the  transfer  of  heat  by  fluid 

currenis. 

Radiation  is  the  transfer  of  heat  through  space 
by  waves  similar  to  light  waves. 

White  or  shiny  surfaces  (e^epheat;  dark  sur- 
faces<^b£or^  it. 


Dark  objects  radiate  heat  more  rapidly  than 
light  or  shiny  objects.  Objects  radiate  heat  more 
rapidly  when  they  are  hot  than  when  they  are 
cool. 

Insulators  reduce  the  transfer  of  heat  from 

place  to  place. 

Relative  humidity  is  the  ratio  of  the  amount 
of  moisture  present  in  air  to  the  maximum 
amount  of  moisture  the  air  could  hold  at  that 
temperature. 
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QUESTIONS 


A 


1 . Name  the  three  ways  by  which  heat  may  be 
transferred  from  one  place  to  another.  Give 
an  example  of  each  method. 

I 2.  State  whether  the  following  are  good  or 
I poor  conductors,  and  good  or  poor  convec- 
i tors:  air;  copper;  water;  mercury. 

, 3.  A silver  teaspoon  in  a cup  of  hot  water  soon 
becomes  too  hot  to  handle.  By  which 
1 method  is  the  heat  of  the  water  carried  to 
I the  handle? 

(4.  The  bottom  of  a test  tube  containing  water 
is  heated  in  a Bunsen  flame.  How  does  the 

I heat  get  from  the  bottom  to  the  top  of  the 

i water? 

(5.  What  is  a convection  current? 


6.  Can  convection  currents  occur  in  a solid? 
Explain. 

' 7.  What  cau'^es^ draft  in  a chimney? 

8.  If  one  hand  is  placed  above  and  the  other 
hand  below  a suspended  hot  iron,  which 
feels  warmer?  Why? 


How  do  ocean  currents  affect  climate? 
What  do  we  mean  by  radiant  heat? 

By  what  method  does  the  sun  send  heat  to 
the  earth?  : 


B 

Ice  cut  from  ponds  in  winter  is  usually 
packed  in  sawdust  for  storage  in  summer. 
Why? 

16.  How  are  the  three  types  of  heat  loss  pre- 
, vented  in  a thermos  bottle? 

(l7.  Water  is  a poor  conductor  of  heat.  De- 

^ ' scribe  and  explain  a simple  way  of  demon- 
strating this  fact. 

18.  How  do  the  molecules  of  a solid  body 
assist  in  the  transfer  of  heat  by  conduction? 

19.  Describe  and  explain  what  happens  when 
a copper  gauze  is  lowered  over  a Bunsen 
flame. 

20.  On  a winter  day  linoleum  may  feel  cold, 
whereas  a rug  in  the  same  room  and  at  the 
same  temperature  may  feel  warm.  Why? 

21 . In  designing  a hot-air  heating  system,  would 
you  plan  to  have  the  warm  air  enter  a room 
near  the  floor  or  near  the  ceiling?  Explain. 

22.  How  do  convection  currents  help  to  heat  a 
house  that  has  a hot-water  heating>-5ystem? 

23.  Describe  each  step  in  the  transfer  of  heat 
from  the  fire  of  a hot-water  furnace  to  the 
objects  of  a heated  room. 


12.  Why  is  a heating-system  radiator  so  named? 
How  does  insulating  a house  help  to  save 
. fuel? 

14.  How  is  relative  humidity  defined? 


24.  Why  does  an  air-cooled  airplane  motor  have 
many  fins  on  the  outside  of  the  cylinders? 

25.  Name  two  ways  in  which  radiant  heat  acts 
like  light. 
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[a]  Draw  a diagram  to  show  that  only  a 
small  portion  of  the  heat  emitted  by  the  sun 
is  received  by  the  earth,  (b)  Explain  how 
the  sun  heats  the  earth  but  not  the  space 
between  the  sun  and  the  earth. 

On  a clear  night  the  surface  of  the  earth 


radiates  heat  rapidly.  Leaves  and  grass  cool 
considerably.  Does  this  account  for  the  for- 
mation of  dew?  Explain. 

Will  the  relative  humidity  in  a house  be 
raised  or  lowered  when  the  temperature 
rises  from  70°  F.  to  75°  F.? 


PROJECT 


Fig.  16—11.  A wooden  plug  in  a copper  pipe  for 
demonstrating  the  relative  heat  conductivity  of  these 
materials. 


To  Compare  the  Conductivity  of  Wood  and 
Copper.  Obtain  a piece  of  copper  pipe  1 inch 
in  outside  diameter  and  6 inches  long.  Trim  a 
wooden  dowel  of  the  same  size  so  that  about  one 
inch  of  it  fits  into  the  pipe  as  shown  in  Fig. 
16-11.  Now  wrap  one  layer  of  white  paper 
around  the  middle  of  the  bar  so  that  one  part  of 
the  paper  covers  wood  and  the  rest  covers  metal. 
Hold  the  .joint  in  the  hot  air  just  above  a Bunsen 
flame  until  the  paper  is  scorched.  Describe  what 
happens  at  the  joint  and  give  a reason. 


J i 


^ - -/ 


,£^c><ajLcC' 


chapter 


EVAPORATION  AND  BOILING 


You  have  probably  noticed  that  gasoline 
left  in  a shallow  dish  disappears  in  a few 
hours,  but  that  water  in  a similar  dish  does 
not  dr)'  up  for  several  days.  The  process  of 
changing  from  a liquid  to  a gas,  or  vapor,  is 
icalled  evaporation.  The  rapid  evaporation  of 
gasoline  makes  it  a suitable  fuel  in  the  in- 
iternal-combustion  engine.  The  steam  result- 
ing from  the  evaporation  of  water  at  high 
temperatures  is  used  to  operate  steam  engines. 


Evaporation  serves  other  purposes.  It  enables 
us  to  separate  crude  oil  into  gasoline  and 
other  useful  products,  and  it  is  an  effective 
way  of  cooling  substances. 

Evaporation  takes  place  to  an  enormous 
extent  in  nature.  Almost  100,000  cubic  miles 
of  water  are  evaporated  every  year  from  the 
oceans  of  the  world  by  the  sun’s  heat.  What 
happens  to  all  this  water?  In  the  form  of 
water  vapor  it  is  carried  by  winds  through 


Fig.  17—1.  The  water  cycle. 
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the  atmosphere  and  condenses  ii^  clouds.  It 
falls  to  the  earth  as  rain  or  sno\\TTnaking 
the  land  fertile  and  habitable.  It  drains  from 
the  land,  forming  streams  and  rivers,  and 
finally  it  returns  to  the  ocean.  This  process  of 
repeated  evaporation  and  condensation  in  the 
atmosphere  is  called  the  w.ater  cycle.  A great 
deal  of  the  sun’s  energy  is  used  in  maintaining 
this  cycle.  The  vast  amount  of  energy  re- 
quired can  better  be  realized  by  noting  that 
a plant  large  enough  to  supply  electricity  to 
the  city  of  Washington,  D.  C.,  would  be  able 
to  provide  only  enough  power  to  keep  the 
water  cycle  in  operation  over  a single  square 
mile;  it  would  take  over  one  hundred  million 
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Fig.  17—2.  Evaporation  of  a liquid.  The  molecules 
of  the  liquid  that  are  moving  fast  enough  and  in  the 
right  direction  near  the  surface  escape  into  the  air. 


such  plants  to  keep  the  cycle  going  over  all 
the  earth’s  surface. 


Cause  of  Evaporation.  What  causes  a liq- 
uid to  evaporate?  How  does  evaporation  cause 
cooling?  Evaporation  is  really  a simple  proc- 
ess. The  moving  molecules  in  a liquid  bump 
against  each  other  so  that  some  are  slowed 
down  in  their  motion  and  others  are  speeded 
up.  Some  of  the  faster-moving  molecules  are 
able  to  escape  at  the  surface  of  the  liquid. 
Evaporation  is  therefore  the  loss  of  the  speed- 
iest, and  hence  the  hottest,  molecules.  Since 
the  molecules  remaining  in  the  liquid  are  the 


slower  and_x»oi£T'  Qn£s.^ey.apainilon  f,s  a cool- 
ing process..  This  conclusion  can  easily  be 
tested  by  pouring  a little  gasoline  or  ether 
on  your  hand  and  observing  that  your  hand 
feels  cold  as  the  liquid  evaporates.  Note: 
Ether  and  gasoline  are  both  highly  inflam- 


mable and  must  therefore  not  be  used  near  an 
open  flame. 

A liquid  evaporates  more  rapidly  as  its  tem- 
perature is  increased,  for,  as  the  liquid  is 
heated,  the  molecules  move  faster  and  more 
of  them  escape.  The  rate  of  evaporation  grad- 
ually increases,  therefore,  until  the  boiling 
point  of  the  liquid  is  reached. 

Boilmg.  You  have  undoubtedly  often  watched 
water  boil.  Do  you  know  what  causes  the 
boiling?  Let  us  heat  some  water  and  observe 
carefully  what  happens  as  the  temperature 
rises  and  the  water  starts  to  boil. 

Demonstration  17-1.  To  Boil  Water. 

Place  over  a Bunsen  flame  a small  beaker 
about  half  full  of  water.  With  a centigrade  ther- 
mometer read  and  record  the  temperature  of  the 
water  every  minute.  Notice  what  happens  in 
the  water  as  it  becomes  hot  and  begins  to  boil. 
Continue  to  record  the  temperature  until  the 
water  has  been  boiling  for  three  or  four  minutes. 
What  variations  in  temperature  did  you  find? 
Describe  the  appearance  of  the  water  as  it  was 
being  heated  and  as  it  began  to  boil. 

As  the  water  was  heated  you  probably  no- 
ticed many  small  bubbles  of  air  forming  on 
the  sides  of  the  beaker.  These  were  bubbles 
of  air  that  had  been  dissolved  in  the  water. 
Why  did  they  come  out  of  solution?  As  the 
temperature  of  the  water  approached  100°  C. 
much  larger  bubbles  suddenly  appeared,  not 
only  on  the  walls  of  the  beaker  but  also  in  the 
middle  of  the  liquid.  These  were  bubbles  of 
steam  that  expanded  very  rapidly.  At  first 
they  collapsed  before  they  were  able  to  reach 
the  ^rface  because  they  were  condensed 
by  the  cooler  water  near  the  surface.  But 
when  the  water  near  the  surface  became  hot 
enough,  these  bubbles  of  steam  rose  all  the 
way  to  the  top  and  burst  there.  At  this  point 
the  water  was  boiling. 

Thus  the  main  difference  between_ordmarv 
evaporaHon  and  boiling  is  that  ordinary  evap- 
oration takes  place  only  at  the_iuiface-c>f  a 
liquid,  whereas,  in  boiling,  evapioration  takes 
place  throughout  theHTquH!  ^ 
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Latent  Heat.  You  may  have  also  observed 
in  TKe  ab^  demonstration  that,  onee  the 
water  was  boiling  vigorously,  the  temperature 
stopped  rising  and  remained  at  100°  C.  as  long 
as  the  water  continued  to  boil.  Although  the 
water  was  still  being  heated  by  the  Bunsen 
flame,  there  was  no  rise  in  temperature;  the 
heat  was  being  used  to  change  the  water  from 
to  i^ap^.  This  heat  is  called  the  latent 
heat  of  vaporization.  The  heat  required  to 
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was  absorbed  when  water  was  changed  to 
steam.  The  absorption  and  liberation  of  la- 
tent heat  are  shown  in  Fig.  17-3. 

In  our  daily  lives  we  use  latent  heat  of  vapor- 
ization and  condensation  for  many  purposes. 
Steam  heating  and  cooling  by  evaporation 
are  common  examples.  And  thunderstorms, 
as  you  will  learn  in  Chapter  19,  derive  most 
of  their  energy  from  the  heat  released  by  the 
condensation  of  water  vapor. 


Fig.  17—3.  The  absorption  and  liberation  of  the  latent  heat  of  vaporization. 


change  one  gram  of  water  at  100°  C.  to  steam, 
or  water  vapor,  is  540  calories;  in  other  words, 
the  latent  heat  of  vaporization  of  water  is  540 
calories  per  gram.  In  terms  of  B.T.U.  the 
latent  heat  of  vaporization  of  water  is  972 
B.T.U.  per  pound. 

A great  amount  of  heat  must  be  put  into 
water  in  order  to  change  it  to  steam.  The 
same  amount  of  heat  is  given  out  when  the 

steam  condenses  to  water.  A burn  caused  by 
steam  is  much  more  severe  than  one  caused 
by  boiling  water  because  a large  amount  of 
heat  is  released  by  the  steam  as  it  condenses 
, on  the  skin.  In  fact,  just  as  much  heat  is  given 
off  when  steam,  or  water  vapor,  condenses  as 


Steam  Heating.  In  the  preceding  chapter 
you  learned  that  buildings  can  be  heated  by 
hot  air  or  by  hot  water.  Buildings  can  also  be 
heated  by  steam.  In  fact,  steam  heating  is  the 
most  common  method  of  heating  large  build- 
ings. In  a steam-heating  system  water  is 
heated  to  form  steam,  which  is  forced  under 
pressure  through  pipes  to  all  parts  of  the 
building.  Tire  latent  heat  of  the  steam  comes 
from  'he  heat  of  combustion  of  the  fuel . 
The  steam  then  condenses  into  water  in  the 
radiators.  As  it  does  so,  it  releases  the  heat 
supplied  to  it  by  the  fuel  that  changed  it  into 
steam.  It  is  this  heat  of  condensation,  given 
off  in  the  radiators,  that  warms  the  building. 
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The  condensed  steam,  or  water,  runs  back 
through  pipes  into  the  boiler,  where  it  is  again 
changed  into  steam  and  again  circulated  to 
carry  more  heat  to  the  radiators.  This  is 
shown  in  Fig.  17-4. 

Evaporation  Is  a Cooling  Process.  If  you 

wet  the  back  of  your  hand  and  wave  it  back 
and  forth,  it  feels  cold;  your  skin  is  losing  heat. 
Waving  your  hand  increases  the  rate  of  evap- 
oration of  the  water.  It  takes  540  calories  to 
change  one  gram  of  water  into  vapor.  A great 


deal  of  heat  is  therefore  taken  from  your  hand 
when  the  water  evaporates  and  that  is  why 
your  hand  feels  cold. 

Evaporation  is  sometimes  used  in  hot,  dry 
countries  to  keep  drinking  water  cool.  The 
water  is  stored  in  large  porous  earthenware 
jugs.  In  such  jugs  evaporation  occurs  not 
only  at  the  surface  of  the  water  but  also 
on  the  outside  of  the  jug,  because  the  water 
seeps  through  the  porous  sides.  The  loss  of 
heat  that  results  from  this  evaporation  keeps 
the  water  cool  even  though  the  surrounding 
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air  may  be  uncomfortably  hot.  The  same  cool- 
ing effect  may  be  accomplished  by  keeping 
water  in  semi-porous  canvas  bags. 

In  a similar  way  the  human  body  is  cooled 
on  a hot  day  because  perspiration  seeps 
through  the  pores  of  the  skin  and  evaporates 
into  the  air.  On  a cold  day  the  pores  close 
automatically,  since  the  body  must  conserve 
as  much  heat  as  possible  in  order  to  keep 


Courtesy  Frigidairc 


Fig.  1 7—5.  Essential  parts  of  an  electrical  refriger- 
ator; (1)  evaporator;  (2)  freezing  compartment;  (3) 
compressor;  (4)  condenser.  Liquid  refrigerant  is  in- 
dicated by  bubbles,  vapor  by  wavy  lines. 

warm.  Evaporation  is  therefore  slow,  and  heat 
loss  from  the  body  is  thereby  greatly  reduced. 

Refrigeration.  The  electric  refrigerator  is  an- 
other device  that  makes  use  of  the  latent  heat 
of  vaporization.  Fig.  17-5  shows  the  essential 
parts  of  such  a refrigerator.  When  the  in- 
terior of  the  refrigerator  becomes  too  warm, 
a thermostat  turns  on  the  motor,  which  drives  | 
theCcbmhrjsso^.  This  compresses  a gas,  caus- 
ing it  to  condense  to  a liquid  in  the  corideT^erA 
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i where  the  latent liQ3t_of  condensation  is  given 
! off  to  tlie  room.  The  liquid  then  passes  into 
I the  evaporator y where  the  pressure  is  very^o^^. 
Here  it  evajjorates  rapidly,  absorbing  heat 
froin  the  in.side  of  the  refrigerator-aad  thereby 
keeping  it_cool.  The  gas  then  flows  back  to 
the  compressor  and  the  process  is  repeated. 

Boiling  ot  Low  and  High  Pressure.  When 
we  say  that  water  boils  at  100°  C.,  we  really 


Fig.  1 7—6.  This  refrigerator  has  a thermostatic  con- 
trol which  maintains  the  desired  temperature  inside. 


mean  that  it  boils  at  this  temperature  at  sea 
level,  where  the  pressure  exerted  by  the  air  on 
the  surface  of  the  boiling  water  is  about  JT 
pounds  per  square  inch.  On  the  top  of  a 
mountain  or  high  up  in  an  airplane,  where 
the  air  pressure  is  less  than  15  pounds  per 
square  inch,  water  boils  at  a temperature 
below  100°  C. 


Demonstration  17-2.  To  Boil  Water  at  Low  Pressure. 

Fill  a round-bottom  pyrex  flask  about  half  full 
of  water  and  heat  it  until  the  water  has  been 
boiling  vigorously  for  several  minutes.  Remove 
the  flask  from  the  flame,  elose  it  tightly  with  a 
rubber  stopper,  and  plaee  it  upside  down  on  a 
ring  stand  as  shown  in  Fig.  17-7.  Pour  eold 
water  on  the  flask,  and  notiee  that  the  water  in 
the  flask  soon  starts  to  boil  again.  As  the  water 
eohtinues  to  boil,  the  flask  is  eooled  so  mueh 


The  water  is  obviously  boiling  at  a tem- 
perature below  100°  C.  What  makes  this 
possible? 

When  the  water  was  boiled,  the  steam 
drove  the  air  out  of  the  flask  so  that  when  the 
flask  was  sealed  it  contained  only  water  and 
water  vapor.  The  cold  water  poured  on  the 
flask  cooled  the  watei  vapor  so  much  that 
most  of  it  condensed,  leaving  the  space  above 
the  water  with  only  a little  gas  (water  vapor) 
at  low  pressure.  This  reduced  pressure  allowed 
the  water  to  boil  at  a temperature  below  100° 
C,,  This  effect  applies  to  all  liquids.  We  may 
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conclude,  therefore,  that  if  the  pressure  on  the 
surface  of  a liquid  is  decreased,  the  liquid  boils 
at  a lower  temperature . 

As  we  elimb  a mountain  thjg^pressure  of  the 
atmosphere  becomes  less  and  less,  and  the 
boiling  point  of  water  therefore  becomes  lower 
and  lower.  Consider  what  happens,  for  exam- 
ple, when  food  is  cooked  by  boiling  water  on 
a high  mountain,  where  the  air  pressure  is 
relatively  low.  Since  the  water  boils  well  be- 


Courtesy  National  Pressure  Cooker  Co. 


Fig.  17—8.  Because  of  the  increased  pressure  within 
the  pressure  cooker,  the  boiling  pjint  is  raised  and 
the  food  is  cooked  in  less  time  than  usual. 

low  100°  C.,  food  must  be  boiled  much  longer 
than  at  sea  level  before  it  is  cooked.  Cooking 
eggs  offers  still  greater  difficulties  because  the 
white  of  the  egg  will  not  coagulate  (that  is, 
become  white  and  solid)  if  the  temperature  is 
below  83°  C. 

A Pressure  Cooker.  If,  on  the  other  hand, 
the  pressure  on  the  surface  of  a liquid  is  in- 
creased, it  boils  at  a higher  temperature.  For 
example,  if  we  heat  water  under  a high  pres- 
sure, it  boils  at  a temperature  higher  than  100° 


C.  and  food  may  be  cooked  in  a shorter  time 
than  under  ordinary  conditions.  Fig.  17-8 
shows  an  appliance  called  a pressure  cooker 
that  is  designed  for  this  purpose.  The  high 
pressure  in  a pressure  cooker  is  obtained  in  a 
simple  manner.  The  cover  of  the  cooker  is 
clamped  down  to  make  the  cooker  airtight, 
except  for  a safety  valve  which  opens  to  let 
the  steam  escape  if  the  pressure  should  be- 
come too  high. 

As  the  cooker  is  heated,  the  water  inside  it 
evaporates  to  form  vapor.  The  valve  is  left 
open  until  the  water  has  begun  to  boil,  that 
is,  until  all  the  air  has  been  forced  out  of  it 
by  the  water  vapor.  Then  the  valve  is  closed 
so  that  the  water  vapor  cannot  escape.  As 
more  and  more  water  vapor  is  formed,  the 
pressure  on  the  surface  of  the  water  is  steadily 
increased.  A temperature  higher  than  100° 
C.  will  then  be  required  to  boil  the  water. 
Finally  the  pressure  becomes  so  high  that 
steam  begins  to  escape  through  the  valve,  a 
process  that  continues  until  the  heat  is  turned 
off. 

The  steam  engine  is  another  important  ex- 
ample of  the  use  of  high-pressure  steam.  In 
the  steam  engine  the  water  boils  well  above 
100°  C.,  and  the  high  pressure  of  the  result- 
ing steam  is  used  to  run  the  engine.  The 
steam  engine  is  described  in  Chapter  31. 

Evaporation  of  Solids.  Evaporation  is  not 
limited  to  liquids,  for  even  solids  can  evap- 
orate. For  instance,  mothballs  placed  in  a 
closet  or  drawer  disappear  without  leaving  any 
trace.  Apparently  they  evaporate  directly  into 
a gas  without  melting  and  forming  a liquid. 
It  is  this  gas  that  kills  the  larvae  of  moths. 

Another  example  of  a solid  that  evaporates 
is  dry  ice  (solid  carbon  dioxide).  If  a small 
piece  of  dry  ice  is  placed  on  a table,  it  will 
disappear  as  a gas  in  a few  minutes  without 
passing  through  the  liquid  state.  Dry  ice  is 
made  by  allowing  liquid  carbon  dioxide,  coH' 
tained  in  a tank  at  high  pressure,  to  escape 
into  the  air.  Av<  the  liquid  expands  and  evap- 
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I orates,  the  latent  heat  of  vaporization  (which  and  some  of  the  liquid  freezes  into  a solid. 
' it  absorbs  in  changing  to  a gas)  is  given  off, 


THINGS  TO  REMEMBE 


The  rate  of  evaporation  of  a liquid  increases 
when  its  temperature  is  raised. 

When  a liquid  boils,  e\-aporation  takes  place 
throughout  the  entire  liquid  as  well  as  from  the 
surface. 

A liquid  absorbs  heat  in  changing  to  a gas;  a 
ga s ^ives  off  heat  in  changing  tQ-aJiquid . 

On e gram  of  water  absorbs  540  calories  of 

heat  m changing  from  a liquid  to  a ^as,  and 


gives  off  the  same  amount  in  changing  from  a 
gas  to  a liquid. 

Evaporation  is.  X-coolmg_pwcess. 

The  boiling  point  of  a liquid  can  be  raised  by 
increasing  the  pressure  of  the  gas  over  the  liquid, 
and  it  can  be  lowered  by  decreasing  the  pressure. 

Both  steam  heating  and  mechanical  refrigera- 
tion depend  upon  latent  heat  for  their  operation. 


QU  ESTIONS 


■1.  Why  does  a liquid  evaporate  more  rapidly 
when  it  is  heated? 

2.  Name  a solid  that  evaporates  directly  with- 
out passing  through  a liquid  stage. 

3.  When  tap  water  is  slowly  heated,  small 
bubbles  appear  on  the  walls  of  the  con- 
tainer. What  do  these  bubbles  contain? 

4.  When  water  has  been  heated  to  100°  C., 
large  bubbles  form  rapidly  throughout  the 
water  and  rise  to  the  surface.  What  are 
these  bubbles? 

5.  What  is  the  principal  difference  between 
ordinary  evaporation  and  boiling? 

6.  Complete  each  of  the  following  statements 
by  supplying  the  correct  word  or  phrase. 

{a)  — ? — is  a cooling  process. 

(b)  The  boiling  point  of  water  on  the  top 
of  a mountain  is  — ? — than  100°  C. 

7.  What  is  the  effect  of  an  increase  in  at- 
mospheric pressure  on  the  boiling  point  of 
water? 


8.  A small  piece  of  dry  ice  is  placed  in  a test 
tube  and  after  a few  minutes  a lighted 
match  is  thrust  into  the  tube.  The  flame 
goes  out  immediately.  What  causes  the 
match  to  go  out? 

B 

9.  How  many  B.T.U.  of  heat  are  released 
when  25  pounds  of  steam  condense  into 
water? 

10.  How  many  B.T.U.  of  heat  are  needed  to 
change  300  pounds  of  water  into  water 
vapor? 

1 1 . What  is  the  total  amount  of  heat  needed  to 
raise  five  pounds  of  water  from  room  tem- 
perature (70°  F.)  to  its  boiling  point  and 
then  vaporize  it? 

12.  Would  potatoes  cook  more  rapidly  or  more 
slowly  in  boiling  water  at  the  bottom  of  a 
deep  mine  shaft  than  at  sea  level?  Give 
reasons  for  your  answer. 

1 3.  How  is  latent  heat  used  in  an  electric  refrig- 
erator? , v/- 


PRO J ECT 


To  Demonstrate  Cooling  by  Evaporation.  Plug 
up  the  hole  in  the  bottom  of  a small  flowerpot 
and  fill  the  pot  with  water  at  room  temperature. 
Place  a thermometer  in  the  water  and  a second 
thermometer  in  the  air  nearby.  Compare  the 
readings  of  the  two  thermometers  one  hour  later. 


Repeat  this  experiment,  using  an  ordinary  pitcher 
instead  of  the  flowerpot.  Can  you  explain  the 
diflference  in  temperature  between  the  water  in 
the  flowerpot  and  both  the  air  and  the  water  in 
the  pitcher? 


REVIEW  QUESTIONS  ON  UNIT  3 


Which  of  the  answers  to  each  of  the  following 
statements  is  correct? 


1.  Heat  from  the  sun  reaches  the  earth  by. 
(a)  convection;  (b)  conduction;  (c)  evap- 
oration; (d)  radiation. 
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2.  Heating  an  iron  bar;  {a)  slows  downs  the 
moleeules;  {b)  makes  it  eontract;  (c)  makes 
it  longer. 

3.  The  bubbles  in  boiling  water  eonsist  of:  {a) 
empty  space;  {b)  water  vapor;  (c)  air. 

4.  A cold  milk  bottle  may  crack  in  hot  water 
because:  (a)  liquids  expand  more  than 
solids;  (b)  the  outside  of  the  glass  becomes 
hot  sooner  than  the  inside;  (c)  milk  bot- 
tles are  made  of  pyrex  glass. 

5.  Complete  each  of  the  following  statements 
by  supplying  the  correct  word  or  phrase. 

(a)  Everyday  temperatures  are  usually 
measured  in  — ? — degrees,  while  lab- 
oratory temperatures  are  usually  meas- 
ured in  — ? — degrees. 

(b)  Solids  expand  — ? — than  liquids  when 
heated. 

(c)  Rising  air  is  — ? — than  the  surround- 
ing air. 

(d)  Quantity  of  heat  is  measured  in  — ? — 
or  — ?— . 

6.  Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

(a)  Water  will  not  change  to  water  vapor 
except  when  it  is  boiling. 

(b)  Air  rises  when  it  is  warmed. 

(c)  Air  warms  up  when  it  is  compressed. 

(d)  Heat  and  temperature  are  both  meas- 
ured in  degrees. 

(e)  The  handle  of  a spoon  placed  in  a hot 
cup  of  coffee  becomes  hot  because  of 
convection. 

(/)  Heating  a house  by  hot  air  is  possible 
with  a furnace  in  the  basement  be- 
cause air  becomes  less  dense  when  it 
is  heated. 


7. 


Match  each  word  in  the  left-hand  column 
with  the  word  it  is  most  clearly  related  to 
in  the  right-hand  column. 


absolute  zero 
0°  C. 

liquid  thermometer 

radiation 
evaporation 
212°  F. 

98.6°  F. 

Galileo 


32°  F. 
vacuum 
lowest  possible 
temperature 
latent  heat 
mercury 
thermometer 
37°  C. 

100°  c. 


B 

8,  Name  the  three  methods  by  which  heat 


may  be  transferred,  and  give  an  example  of 
each. 

-9.  A large  square  wooden  box  has  a glass  top; 
one  half  of  the  inside  of  the  bottom  is 
white  and  the  other  half  black.  Tell  what 
happens  in  the  box  when  it  is  placed  in  di- 
rect sunlight. 

Xo.  How  much  heat  is  needed  to  change  100 
pounds  of  boiling  water  into  steam? 

1 1.  How  could  a bimetallic  strip  be  made  into; 

(a)  a thermometer;  (b)  a fire  alarm? 

12.  A confined  volume  of  gas  is  suddenly  com- 
pressed. The  compressed  gas  is  then  re- 
leased through  a small  hole.  Explain  any 
changes  in  temperature  that  take  place,  and 
give  a reason  for  the  changes. 

-T3.  Explain  carefully  how  latent  heat  is  utilized 
in  a steam-heating  system. 

^T4.  Calculate  the  amount  of  heat  needed  to 
convert  one  pound  of  water  at  72°  F.  into 
steam. 

Draw  a diagram  to  represent  a land  breeze 
and  a sea  breeze,  and  explain  how  they  may 
be  formed. 

’^16.  {a)  A photographer  should  adjust  the  tem- 
perature of  his  solutions  to  68°  F.  for 
best  results.  If  he  has  only  a centi- 
grade thermometer,  what  temperature 
should  he  use  on  the  centigrade  scale? 

(b)  If  his  solutions  are  kept  at  30°  F.  in  a 
refrigerator,  how  many  centigrade  de- 
grees must  they  warm  up  before  he  can 
use  them?  Compute  this  in  two  ways. 

(c)  How  many  calories  will  be  needed  to 
warm  2 quarts  of  solution  from  50°  F. 
to  68°  F.?  A quart  weighs  about  2 
pounds. 

'M.  Describe  carefully  the  various  steps  by 
which  the  chemical  energy  of  coal  heats  the 
rooms  of  a house  with  a steam-heating  sys- 
tem. 

18.  Invent  a system  by  which  a bimetallic  strip 
and  a small  electric  motor  could  close  a 
cellar  window  if  the  temperature  near  the 
window  dropped  too  low  for  safety  during 
the  night.  Show  the  device  in  a diagram 
and  explain  how  it  works. 

Vi9.  Air  at  room  temperature  and  normal  pres- 
sure is  pumped  rapidlv  into  a steel  tank  un- 
til the  pressure  is  1,500  pounds  per  square 
inch.  Describe  the  changes  in  pressure,  tem- 
perature, and  volume  of  the  air: 

(a)  as  it  is  pumped  into  the  tankj 
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(b)  as  the  tank  is  allowed  to  stand  in  a (c)  as  the  air  is  allowed  to  escape  rapidly 

room,  from  the  tank. 
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WINDS  AND  AIR  MASSES 


Chapter 


Weather  has  always  played  a large  part  in 
man’s  life.  From  the  earliest  times  it  has  af- 
l fected  his  food  supply,  his  safety,  and  his 
I comfort.  Frosts,  heavy  rains,  and  prolonged 
droughts  damage  crops  and  thus  reduce  food 
. supplies.  To  improve  the  safety  and  increase 
! the  comfort  of  transportation,  scientists  are 
I constantly  trying  to  conquer  the  unfavorable 
■ elements.  Ships  are  built  sturdy  enough  to 
navigate  through  severe  storms.  Many  rail- 
road trains  and  buses  and  some  automobiles 


are  made  comfortable  by  air  conditioning.  In 
the  air  airplanes  are  still  somewhat  at  the 
mercy  of  the  weather,  although  we  are  learn- 
ing to  cope  with  it. 

Control  of  the  weather  has  long  been  a goal 
of  scientists.  It  would  be  a great  scientific 
achievement.  Scientists  are  making  progress 
toward  the  solution  of  the  weather  problem. 
They  have  found  several  ways  of  removing  fog 
in  limited  areas,  as,  for  example,  around  air- 
fields. They  have  flown  into  the  heart  of 
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violent  storms  to  learn  what  goes  on  there.  By 
dropping  pellets  of  dry  ice  into  clouds  they 
have  produced  rain.  They  know  that  weather 
is  due  to  such  factors  as  the  unequal  heating 
of  the  surface  of  the  earth  by  the  sun's  radia- 
tion,  the  amount  of  water  vapor  in  the  air, 
and,  _^the_  rotatipn  of „ the_j^^  But  there 
are  many  other  aspects  of  the  weather  that  are 
not  completely  understood.  Until  they  are 
known,  complete  control  of  the  weather  will 
be  impossible. 

Although  weather  cannot  yet  be  controlled, 
meteorologists  are  able  to  predict  with  con- 
siderable accuracy  the  weather  for  the  follow- 
ing day  or  two  days.  The  prediction  of  bad 
weather,  for  example,  gives  people  time  to  pro- 
tect crops  and  property,  and  warns  aircraft  so 
that  they  can  by-pass  storm  areas.  Every  civi- 
lized country  has  a weather-forecasting  service. 
The  Meteorological  Division  of  the  Depart- 
ment of  Transport,  with  its  headquarters  in 
Toronto,  serves  this  country  and  the  world. 
But  before  discussing  forecasting,  let  us  con- 
sider some  of  the  causes  of  weather. 

WINDS 

Most  of  the  heat  that  the  earth  receives 
from  the  sun  is  absorbed,  and  this  keeps  the 
earth  warm.  Different  parts  of  the  earth  ab- 
sorb different  amounts  of  heat.  The  equator, 
for  example,  receives  more  heat  than  the  polar 
regions.  This  unequal  heating  causes  large- 
scale  convection  currents  in  the  atmosphere. 

We  might  expect  the  air  over  the  equator 
to  rise  vertically  and  flow  at  high  altitudes 
directly  toward  the  cooler  regions  north  and 
south,  and  cold  air  from  the  North  and  South 
poles  to  flow  over  the  ground  directly  toward 
the  equator.  If  this  were  so,  the  wind  in  the 
Northern  Hemisphere  would  blow  from  the 
north  and  in  the  Southern  Hemisphere  from 
the  south,  and  at  the  equator  and  the  poles 
there  would  be  little  or  no  wind. 

Factors  Affecting  Winds,  But  the  circula- 
tion of  air  is  not  so  simple  as  that.  It  is  com- 


WEATHER 

plicated  by  three  factors:  (1)  the  rotation  of 
the  earth,  (2)  the  distribution  of  large  areas 
of  land  and  water,  and  ( 3 ) the  season  of  the 
year.  The  rotation  of  the  earth  from  west  to 
east  causes  the  winds  to  veer,  and  blow,  not 
from  the  north  or  south,  but  from  the  north- 
east or  southeast.  If  you  have  tried  to  walk 
on  a merry-go-round  while  it  was  in  motion, 
you  know  that  some  force,  due  to  the  rotation 
of  the  merry-go-round,  pushes  you  sideways. 
A similar  force  acts  on  the  air  as  it  moves  from 
the  poles  toward  the  equator  and  deflects  it 
from  a north-south  direction. 

Large  masses  of  land  and  water  also  affect 
the  circulation  of  air.  The  land  is  heated 
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Fig.  1 8—2.  Wind  belts  of  the  world. 


faster  than  the  water,  and  convection  cur- 
rents carry  heat  from  the  land  to  the  water. 
In  addition,  different  parts  of  the  earth  receive 
different  amounts  of  heat  from  the  sun,  de- 
pending on  the  season  of  the  year.  The  result 
is  a circulation  like  that  shown  in  Fig.  18-2. 

Prevail ing  Winds.  If  you  were  to  observe 
and  record  the  direction  of  the  wind  at  a high 
and  exposed  place  several  times  a day  for  a 
year,  you  would  find  that  in  general  the  wind 
blows  more  often  from  one  direction  than 
from  any  other.  The  wind  from  that  direction 
is  called  the  prevailing  wind.  In  southern 
Canada  and  in  most  of  the  United  States,  the 
winds  blow  generally  from  a westerly  direc- 
tion. These  winds  are  known  as  the  prev^ilmg 
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westerlies.  Over  corresponding  latitudes  in 
the  Southern  Hemisphere,  the  prevailing  west- 
erlies blow  from  the  northwest. 

You  will  notice  in  Fig.  18-2  that  on  both 
sides  of  the  equator,  that  is,  between  latitudes 
10°  N.  and  10°  S.,  there  is  a region  called  the 
doldrums.  Here  there  is  little  or  no  wind.  In 
the  days  of  sailing  ships  navigators  tried  to 
avoid  this  region.  They  preferred  to  sail  be- 
tween latitudes  10°  N.  and  25°  N.  or  between 
latitudes  10°  S.  and  25°  S.  In  these  regions 
winds  blow  fairly  steadily  day  and  night,  from 
the  northeast  in  the  Northern  Hemisphere 
and  from  the  southeast  in  the  Southern  Hemi- 
sphere. When  sailing  westward  from  Europe 


163 

west  wind  is  a tail  wind  that  speeds  it  along. 
For  this  reason  speed  records  for  transatlantic 
and  transcontinental  flights  have  usually  been 
made  on  west-to-east  trips.  In  addition  to 
the  longer  time  required,  a larger  supply  of 
gasoline  must  be  carried  on  the  east-west  trip, 
with  a resulting  loss  in  payload. 

In  Fig.  18-3,  notice  the  vertical  convection 
currents  at  different  latitudes.  Near  the  equa- 
tor, where  the  earth  receives  its  greatest 
amount  of  heat,  the  heated  air  rises  and  there 
is  little  horizontal  movement  of  air.  This  ex- 
plains the  lack  of  wind  in  the  doldrums.  Just 
north  and  south  of  the  doldrums,  the  cooler 
air  moves  in  horizontally  to  replace  the 
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Fig.  18—3.  Large  scale  vertical  convection  currents  over  the  surface  of  the  earth.  A.  Doldrums 
— Rising  air,  thunderstorms  and  rain;  B.  Stormy  Westerlies — Warm-air  masses  from  south 
forced  to  rise  over  cold-air  masses  from  north  giving  cyclonic  storms  and  rain;  C.  Horse  Latitudes 
— Descending  air,  fair  weather,  little  wind  and  few  storms;  D.  Trades — Steady  surface  winds 
and  fair  weather;  E.  Descending  Air — Clear  weather  and  few  storms. 


toward  North  America,  navigators  found  it 
advantageous  to  sail  a route,  between  10°  N. 
and  25°  N.,  where  the  northeast  winds 
would  speed  their  ship  westward.  It  was  be- 
cause these  winds  were  of  so  much  help  to 
trading  vessels  that  they  were  named  trade_ 
winds. 

Like  the  captains  of  sailing  ships,  pilots  of 
airplanes  take  the  direction  of  prevailing  winds 
into  account  when  planning  long  trips.  More 
time  is  required  to  fly  an  airplane  from  Hali- 
fax to  Vancouver  than  to  fly  the  same  plane 
ifrom  Vancouver  to  Halifax.  This  is  due  to 
the  fact  that  when  a plane  is  traveling  west 
it  flies  against  the  prevailing  southwest  wind, 
but  when  it  is  flying  east,  the  prevailing  south- 


hot  air  that  has  risen  over  the  equator.  This 
cool  air,  moving  horizontally,  is  the  trade  wind. 
Around  the  North  and  South  poles  there  is 
little  wind  because  here  cold  air  is  descending. 

AIR  MASSES 

The  flow  of  warm  air  from  the  equator  and 
the  return  of  cold  air  from  the  polar  regions 
are  not  steady.  Instead,  at  irregular  intervals 
large  parcels  of  air,  perhaps  500  to  5000  miles 
in  diameter  and  several  thousand  feet  deep, 
move  southward  from  the  arctic  or  northward 
from  near  the  equator.  These  air  masses,  as 
they  are  called,  form  in  the  polar  regions  and 
near  the  equator— areas  relatively  free  from 
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wind.  Each  air  mass  is  made  up  of  a volume 
of  air  that  has  nearly  the  same  temperature 
and  humidity  at  any  given  altitude  throughout 
its  extent. 

The  cool  air  masses  that  originate  in  the 
Canadian  Arctic  are  known  as  Continental 


Courtesy  American  Telephone  and  Telegraph  Co. 


Fig.  18-4.  A sleet  storm  often  disrupts  the  com- 
munications system.  Sleet  is  formed  from  falling 
rain  that  passes  through  a layer  of  the  atmosphere 
below  freezing  temperature. 

Polar  Air  masses.  The  largest  of  these  may 
cross  the  country  at  a rate  of  several  hundred 
miles  a day  causing  cooler  temperatures.  Polar 
air  is  usually  dry  and  clear  bringing  crystal- 
clear  cool  days  in  summer.  But  in  early  winter 
it  may  cause  cloud  and  snow  after  passing  over 

THINGS  TO 

Trade  winds  blow  steadilv-fram- the,  iiortheasL 
in  the  r^rdiernT;tenisph£i^lli.b 
east  in  the  Southern  Hemisphere. 

Trade  winds  are  found  between  latitudes  10° 
N.  and  25°  N.  and  between  latitudes  10°  S. 
and  25°  S. 

The  doldrums  are  a belt  around  the  equa- 
tor where  there  is  little  or  no  wind. 
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a large  body  of  water  whose  temperature  is 
several  degrees  warmer.  This  is  true  of  the 
Great  Lakes  region. 

Way  is  a cold-air  mass  like  the  Continental 
Polar  so  dry?  We  can  answer  this  question  by 
following  such  an  air  mass  on  its  journey  from 
the  Arctic  Circle  across  Canada.  In  northern 
Canada  and  Alaska  there  is  very  little  open 
ocean  from  which  water  might  evaporate  into 
the  air,  and  in  this  region  the  surface  of  the 
earth  is  covered  with  snow  and  ice  from  which 
only  a small  amount  of  moisture  evaporates. 
Therefore,  when  the  Continental  Polar  air 
mass  reaches  southern  Canada,  it  is  dry. 

Most  of  the  warm-air  masses  that  move  over 
the  prairies  and  eastern  Canada  come  from 
regions  near  the  equator  in  the  Atlantic  and 
Pacific  oceans.  These  outbreaks  of  tropical 
Culf  or  tropical  Atlantic  air  have  been  heated 
near  the  equator  aM  have  absorbed  large 
quantities  of  water  vapor  from  the  ocean.  In 
summer  this  air  brings  hot  uncomfortable 
weather  and  rain.  In  winter  it  is  responsible 
for  most  of  our  snowfall  and  the  occasional 
midwinter  thaw  and  rain,  particularly  in  east- 
ern Canada. 

In  the  prairies  the  annual  precipitation  is 
light,  but  fortunately  most  of  it  falls  during  the 
important  growing  season.  In  Manitoba  rain 
is  chiefly  due  to  the  northward  movement  of 
moist  Tropical  air.  Farther  west  in  Saskatche- 
wan and  Alberta  rain  and  thunderstorms  are 
caused  by  cool  arctic  air  lifting  the  warm  air 
over  the  prairies.  When  these  cool  waves  are 
infrequent,  there  is  less  rainfall,  and  farmers 
suffer  because  their  crops  are  below  normal. 

REMEMBER  

The  prevailing  winds  in  Canada  are  mostly 
from  the  west. 

A cold-air  mass  is  a large  cold  dry  mass  of  air 
that  originates  in  the  arctic  or  antarctic  regions. 

A warm-air  mass  is  a large  warm  and  usually 
moist  mass  of  air  that  originates  in  the  semi- 
tropics. 


WINDS  AND  AIR  MASSES 
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QUESTIONS 


A 

1.  Name  three  factors  that  help  determine  the 
weather  o\er  the  world. 

2.  What  and  where  are  the  trade  winds? 

3.  What  and  where  are  the  doldrums? 

4.  What  is  a prevailing  wind? 

5.  What  are  air  masses? 


B 

6.  Why  does  it  take  less  time  to  fly  eastward 
across  the  country  than  it  does  to  fly  west- 
ward? 

7.  Explain  why  the  trade  winds  blow  from  the 
northeast  in  the  Northern  Hemisphere. 

8.  Study  the  factors  that  determine  the  weather 
conditions  in  your  locality  during  the  various 
seasons  of  the  year. 


PRO J ECT 


Determining  the  Direction  of  a Prevailing  Wind. 
Find  a tall  building  with  a flag  that  is  flown 
every  day.  From  the  direction  in  which  the  flag 
blows  determine  and  record  the  direction  of  the 


wind  twice  a day  for  two  weeks.  Make  your  ob- 
servations at  the  same  time  each  day.  From 
your  records  determine  the  prevailing  wind  di- 
rection during  this  period. 


FRONTS  AND  STORMS 


Chapter  1 9 


Our  weather  ehanges  at  eomparatively  short 
intervals,  and  it  is  not  the  same  everywhere 
at  one  time.  Let  us  see  what  eauses  these 
ehanges.  They  are  due  to  the  movements  of 
air  masses.  A sudden  change  in  weather  usu- 
ally occurs  in  the  area  over  which  the  bound- 
ary between  a cold-air  mass  and  a warm-air 
mass  passes.  This  boundary  is  called  a i^ronti 
Suppose  two  air  masses  of  different  temper- 
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Fig.  19—1.  A vertical  cross-section  of  o cold  front. 

ature  are  moving  across  the  land.  When  the 
warmer  air  is  pushing  the  colder  air  before  it, 
the  moving  front  between  the  air  masses  Js.- 
c^ed  ajwurm  iront.l  If  the  colder  air  is  push- 
ing back  the  warmer  airTwe  have  ajcmd  front j 
These  two  types  of  fronts  produce  very  dif- 
ferent weather. 

A Cold  Front-.  Fig.  19-1  is  a diagram  of  a 
cold  front.  At  the  left  is  the  mass  of  cold,  clear 


air  which  is  moving  to  the  right  and  wedging 
under  a warm,  humid  air  mass  at  the  right. 
The  warm  air,  being  lighter,  is  force^up  over 
the  wedge  of  cold  air.  As  it  rises,  it  expands 
because  of  the  lower  atmospheric  pressure  at 
higher  altitudes.  In  expanding,  the  rising  air 
cools.  As  it  does  so,  the  water  vapor  in  it  be- 


Courtesy  H.  T.  Floreen  from  U.S.  Weather  Bureau 

Fig.  19—2.  Cumulus  clouds  ore  formed  by  the  con- 
densation of  water  vapor  in  rising  warm  air. 

gins  to  condense  in  the  form  of  clouds  called 
cumulus  clouds)  Cumulus  clouds,  as  shown  in 
Fig.  19-2,  are  big  and  fluffy  and  sometimes 
are  called  woolpack  clouds  because  of  their 
appearance.  If  the  warm-air  mass  contains 
enough  moisture,  the  cumulus  clouds  to^^^ 
up  into  huge  mountains  of  condensed  vapor 
and  develop  into  thunderstorms. 

Let  us  suppose  that  you  live  at  a point 
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Courtesy  Walter  Henderson 
from  U.S.  Weather  Bureau 


Fig.  19—3,  These  heavy  dark  clouds  mark  the  edge 
of  an  approaching  cold  front. 

located  on  the  right  side  of  Fig.  19-1. 
What  changes  in  the  weather  do  you  notice 
as  the  cold  front  approaches  and  sweeps  over 
you?  To  begin  with,  you  are  in  the  warm-air 
mass,  and  the  weather  around  you  is  therefore 
warm  and  humid.  The  air  is  hazy  and  the 
wind  is  probably  southerly.  As  the  cold  front 
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approaches,  in  the  west  you  see  cumulus 
clouds  becoming  larger  and  thicker.  Soon  a 
solid  bank  of  dark  clouds  approaches  from  the 
west.  When  it  arrives,  the  southerly  wind  be- 
gins to  shift  and  to  blow  in  sharp  gusts,  and 
for  a short  time  heavy  rain  falls.  This  indi- 
cates that  the  cold  front  is  now  passing  di- 
rectly overhead.  Then  the  rain  stops,  the  wind 
blows  less  violently,  now  from  the  northwest, 
and  the  clouds  begin  to  thin  out.  The  air  that 
now  surrounds  you  is  that  of  the  cold-air  mass. 
It  is  cold  and  clear,  and  it  probably  brings  relief 
from  the  hot  sticky  air  that  preceded  it.  The 
time  from  the  approach  of  the  cold  front  until 
the  air  has  become  clear  and  cool  may  be  only 
half  an  hour  or  an  hour. 

Not  all  cold  fronts  are  so  noticeable  as  the 
one  described.  If  the  warm-air  mass  contains 
a slight  amount  of  moisture,  there  may  be  no 
rain  along  the  front,  and  the  air  and  the  wind 
direction  may  change  so  slowly  that  only  a 
meteorologist  would  be  aware  of  the  passage 
of  a front. 

A Warm  Front.  The  changes  that  occur  in 
a warm  front  (Fig.  19-4)  are  much  more 


DIRECTION  IN  WHICH  FRONT  IS  MOVING 


CLOUD)  OVERCAST 


.WEST 


EAST 
— >1 


600  MILES  

Fig.  1 9-4.  Vertical  cross-section  of  a warm  front. 
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gradual  and  less  violent  than  those  in  a cold 
front.  The  first  sign  of  the  approach  of  a 
warm  front  is  the  appearance  of  a form  of 
cirrus  clouds  called  mares-tails  at  a high  alti- 
tude. These  thin,  semi-transparent  wisps  of 
clouds  are  shown  in  Fig.  19-5.  They  form 
over  a warm  front  at  high  altitudes,  where  the 
temperature  is  low,  and  are  therefore  com- 
posed of  tiny  ice  crystals.  Since  the  wind  ve- 
locity at  high  altitudes  is  always  greater  than 
that  near  the  ground,  the  cirrus  clouds  are 


U.S.  Weather  Bureau 


Fig.  1 9—5.  Mare's  tails — a form  of  cirrus  cloud  that 
often  heralds  an  approaching  warm  front. 

blown  far  ahead  of  the  warm  front  and  give 
warning  of  its  approach. 

The  sky  then  becomes  covered  with  a thin 
layer  of  cirrus  clouds,  like  those  shown  in  Fig. 
19-6,  which  slowly  become  thicker  and  lower, 
until  finally  the  sky  darkens  and  a steady  rain 
begins  to  fall.  The  rain  increases  in  intensity 
until  the  front  actually  arrives  and  the  warm- 
air  mass  makes  its  appearance.  Then  the  rain 
gradually  stops.  The  clouds  thin  out  until 
only  a few  puffy  cumulus  clouds  remain,  and 
we  find  ourselves  in  the  midst  of  a mass  of 
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warm,  humid,  and  hazy  air  that  is  typical  of 
a warm-air  mass. 

The  passage  of  a warm  front,  from  be- 
ginning to  end,  may  take  from  one  to  two 
days,  and  the  total  amount  of  precipitation 
(rain  or  snow)  is  much  greater  than  the  brief 
shower  that  accompanies  a cold  front.  There 
are  two  reasons  why  warm-front  rains  last  so 

much  longer  than  cold-front  rain^^Qne  rea~ 

son  is  that  warm  fronts  generally  move  across 
the  land  more  slowly  than  cold  fronts.  The 


Courtesy  A.  J.  Weed  from  U.S.  Weather  Bureau 


Fig.  1 9—6.  As  a warm  front  approaches,  the  mare's 
tails  fuse  into  a sheet  of  cirrus  cloud. 

other  reason  can  be  understood  by  comparing 
the  lines  marking  the  fronts  in  Fig.  19-1  and 
Fig.  19-4.  You  will  notice  that^the  slope  of 
thewarm  front  is  not  nearly  gtpep  a<;  tbnt 
offh^old  front.  Since  most  rain  occurs  near 
the  front,  a much  larger  area  of  precipitation 
is  covered  by  the  warm  front  than  by  the  cold 
front;  hence  a warm-front  rain  lasts  longer  and 
changes  more  gradually. 

In  the  winter  the  passage  of  cold  and  warm 
fronts  is  much  the  same  as  in  summer,  except 
that  we  may  have  snow  instead  of  rain. 
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GROUND 


Fig.  19—7.  A vertical  cross-section  of  an  occluded 
front.  The  warm  front  has  been  lifted  off  the  ground 
near  the  center  of  a cyclone  by  the  rapidly  moving 
cold  front. 


4 of  air  2J(.  hi^h  pressure  mov- 

ing  clockwise  (in  the  Northern  Hemisphere) 
outward  and  downward.  The  cyclone  may  be 
several  hundred  miles  in  diameter;  the  anti- 
cyclone is  frequently  much  larger. 

Anticyclones  generally  bring  fair  weather. 
Cyclones,  however,  frequently  bring  stormy 
weather.  As  these  lows  move  in,  and  the 
barometer,  which  measures  atmospheric  pres- 
sure, drops,  bad  weather  can  be  expected.  A 
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eold-air 


If  a warm-air  mass  overtakes  a 
mass,  and  more  cold  air  overtakes  both. 
warm-air  mass  is  wedgecLiip  oh  -ground 
between  the  other  two.  This  forms  an 
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occluded  front. 
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! Cyclones  and  Anticyclones.  Another  factor 
that  determines  weather  is  the  atmospheric 
■ pressure.  This  pressure  varies  between  high  or 
low.  Winds  are  caused  by  differences  in  pres- 
sure. A cyclone,  or  low,  is  a whirlpool  of  air 
, at  low  pressure  moving  counterclockwise  (in 
the  Northern  Hemisphere)  toward  the  center 
I and  upward.  An  anticyclone,  or  high,  is  a 


Fig.  1 9—8.  A Cyclonic  storm  as  it  appears  on  a 
weather  map. 
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Fig.  1 9—9.  The  development  of  a cyclone. 


cyclone  should  not  be  confused  with  a tocnado 
or  hurricane,  which  are  discussed  on  page  171. 
Although  bad  weather,  including  severe 
storms,  may  occur  with  a cyclone,  many  cy- 
clones pass  by  with  no  more  than  high  winds 
and  occasional  showers. 

Cyclones  originate  along  a front.  Fig.  19-9 
shows  how  such  a front  may  develop  a slight 
bulge,  accompanied  by  a drop  in  atmospherie 
pressure.  As  this  bulge  grows  larger,  warm  air 
moves  into  it  and  the  cold  air  moves  in  a 
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curve  around  it,  as  shown  in  (c).  As  the  pres- 
sure becomes  lower  and  the  winds  become 
stronger,  a cyclone  develops.  The  develop- 
ment of  a cyclone  takes  from  one  to  three 
days,  and  it  may  last  for  several  days,  moving 
from  west  to  east  across  the  country.  Eventu- 
ally the  cold  front  overtakes  the  warm  front, 
giving  rise  to  an  occluded  front.  The  cy- 
clone dies  out  soon  after  the  occluded  front 
forms. 

What  changes  in  weather  might  we  expect 
as  a cyclone  approaches  and  moves  over  us? 
Assume  that  the  cyclone  is  moving  eastward 
and  that  its  center  passes  just  to  the  north  of 
us.  First  we  would  observe  the  wind  direction 
to  be  south.  The  barometer  would  fall,  the 
wind  would  rise,  and  it  would  begin  to  rain.- 
Then,  after  the  warm  front  had  passed  over 
us,  we  would  have  warm  unsettled  and  par- 
tially clear  weather  for  perhaps  a day.  Then, 
after  a brief  but  heavy  shower,  the  barom- 
eter would  begin  to  rise,  the  wind  would  blow 


Courtesy  New  York,  New  Haven  and  Hartford 
Railroad  Co.  from  U.S.  Weather  Bureau 

Fig.  19—10.  Damage  to  a railroad  in  New  England 
by  hurricane,  September  22,  1938. 


U.S.  Weather  Bureau 

Fig.  1 9—1  1 . Coast  Guard  ship,  flying  the  warning  signals  of  a storm  of  marked  violence  with 
winds  beginning  from  the  northeast,  passes  close  to  a small  craft  that  has  no  other  way  of 
knowing  of  the  impenofing  storm. 
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from  the  northwest,  and  the  weather  would 
clear. 

Hu  rricanes.  Hurricanes  are  similar  to  cy- 
clones, but,  unlike  cyclones,  they  always 
originate  ygvcr  water;  ijcar  the  eq^nator  and 
never  ove;  land,  and  they  are  not  formed  along 
fronts.  Scientists  arc  not  quite  sure  what 
causes  them,  but  they  are  probably  the  result 
of  strong  heating  of  the  ocean  near  the  equa- 
' tor  that  results  in  a spiraling  updraft  cov- 
ering an  area  of  hundreds  of  square  miles. 
The  winds  of  a hurricane  are  much  more  vio- 
lent than  those  of  a cyclone,  and  they  cause 
destruction  running  into  millions  of  dollars 
every  year. 

Hurricanes  occur  most  frequently  along  the 
' southeastern  coast  of  the  United  States.  They 
rarely  reach  far  inland  because  the  friction 
offered  by  rough  and  tree-covered  land  is  so 
great  that  it  rapidly  reduces  the  wind  velocity 
j and  the  storm  thus  wears  itself  out.  More- 
[ o\’er,  hurricanes  gain  their  energy  from  tlie 
I latent  heat  of  condensation  of  evaporated 


Courtesy  Ira  B.  Blackstock 
from  U.S.  Weather  Bureau 


Fig.  19—12.  The  whirling  funnel-like  cloud  of  a 
tornado  in  Kansas. 

watei*  As  the  hurricane  moves  over  the  land 
this  supply  of  energy  is  cut  off. 

The  hurricane  that  struck  New  England  in 


Courtesy  Detroit  News  from  U.S.  Weather  Bureau 


Fig.  19—13.  Tornado  destruction  at  Howell,  Michigan,  April,  1941. 
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1938  probably  did  greater  damage  than  any 
other  storm  on  record.  It  was  not  the  most 
violent  storm  that  ever  occurred  but  it  struck 
a part  of  the  country  that  is  highly  indus- 
trialized and  thickly  populated.  Since  hurri- 
canes seldom  travel  so  far  north,  this  region 
was  almost  completely  unprepared  for  it. 

Tornadoes.  Tornadoes  are  small  local 
cyclones  that  start  on  very  hot  days  and 
are  generally  accompanied  by  thunderstorms. 
They  are  sometimes  only  a few  hundred  yards 
in  diameter,  and  they  usually  travel  only  a few 
miles.  But  they  destroy  nearly  everything  in 
their  path.  In  the  wind,  which  may  have  a 


Courtesy  H,  T,  Floreen  from  U.S.  Weather  Bureau 
Fig.  19—14.  Typical  fair-weai-her  cumulus  clouds. 

velocity  of  over  200  miles  an  hour,  houses  are 
smashed,  steel  girders  twisted,  and  freight  cars 
blown  from  their  tracks.  Small  ponds  have 
even  had  all  the  water  sucked  out  of  them  by 
the  violent  winds  of  a tornado.  In  such  a case 
the  fish,  frogs,  and  debris  from  the  pond  are 
also  sucked  up.  They  fall  to  the  ground  some 
distance  away,  so  that  it  literally  rains  fish  and 
frogs.  A tornado  formed  out  at  sea  is  called 
a 

Thunderstorms.  Hot  summer  days  often  give 
rise  to  thunderstorms.  On  such  days  the  air 
just  above  the  hot  ground  becomes  warm,  ex- 
pands, and  starts  to  rise,  forming  a fountain 
of  warm  air  that  may  rise  more  than  a mile  in 


U.S.  Weather  Bureau 

Fig.  19—15.  Cumulus  cloud  of  a thunderstorm  due 
east  of  Pensacola,  Florida. 


the  atmosphere.  At  the  same  time  cool  air 
rushes  in  along  the  ground  to  take  the  place  of 
the  rising  air  and  causes  strong,  gusty  squalls 
of  wind.  As  the  air  rises,  it  expands  because 
of  the  lower  pressure  at  higher  altitudes,  and 
therefore  becomes  cooler.  The  air  cools  to 
saturation,  condensation  begins,  and  cumulus 
clouds  are  formed.  Sometimes  they  look  like 
those  in  Fig.  19-14,  which  are  called  fair- 
weather  cumulus  because  they  appear  on 
warm  sunny  days.  If  there  is  much  moisture 
in  the  rising  air,  a great  deal  of  latent  heat  is 
released  when  condensation  takes  place.  This 


CIRRUS  CLOUD 


Fig.  1 9—1  6.  Vertical  cross-section  of  a thunderstorm. 


FRONTS  AND  STORMS 

heats  the  air,  making  it  still  lighter,  so  that 
it  rises  still  higher  and  forms  large  towering 
cumulonimbus  clouds  like  those  in  Fig.  19-15. 
These  produce  heavy,  though  usually  brief, 
showers  of  rain  accompanied  by  thunder  and 


Fig.  19—17.  How  a coastal  fog  bank  forms. 


lightning.  Such  a towering  mountain  of  con- 
densed water  vapor  is  the  heart  of  a thunder- 
storm. 

Whenever  possible  airplane  pilots  try  to 
avoid  cumulonimbus  clouds  by  flying  around 
them,  for  the  strong  updrafts  and  downdrafts 
of  air  within  these  clouds  may  lift  a plane  sud- 
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denly  upward  and  then  drop  it  downward, 
sometimes  with  enough  force  to  tear  off  a 
wing. 

Hail.  Every  year  hailstorms  are  responsible  for 
many  thousands  of  dollars’  worth  of  damage 
to  crops.  Hailstones  are  formed  in  severe 
thunderstorms.  Small  raindrops  are  borne 
aloft  by  a violent  updraft  until  they  reach  a 
point  in  the  atmosphere  above  the  freezing 
level.  Here  they  freeze  and  fall  below  the 
freezing  level,  where  moisture  condenses  on 
them.  They  are  again  lifted  violently  upward 
and  reach  the  freezing  level  before  the  inside 
core  has  had  a chance  to  melt.  The  added 
moisture  on  the  surface  is  now  frozen;  the 
hailstone  falls,  gathers  more  moisture,  rises, 
and  another  shell  of  ice  is  added.  Each  hail- 
stone may  repeat  this  process  many  times  in 
the  violent  updrafts  and  downdrafts  of  a 
vigorous  thunderstorm,  adding  layer  upon 
layer  of  ice  until  it  is  so  large  and  heavy  that 
it  falls  to  the  ground. 


Courtesy  U.S.  Air  Force 


Fig.  1 9—1 8.  Fog  dispersal  is  accomplished  by  flames  of  high-pressure  material  developed  by 
the  Army.  The  Armed  Forces  refer  to  this  as  FIDO  (Fog  Intensive,  Dispersal  Of). 
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If  a hailstone  is  cut  in  half,  its  layers  of  ice 
resemble  the  cross-section  of  an  onion.  The 
number  of  times  it  crossed  the  freezing  level 
during  its  growth  high  above  the  earth  can  be 
determined  by  counting  the  number  of  its 
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sand  or  more  feet  up  in  the  air.  It  is  formed 
when  warm  moist  air  that  is  nearly  saturated 
with  water  vapor  is  cooled  by  contact  with 
a cold  land  or  water  surface.  When  warm 
moist  air  from  the  Gulf  Stream  crosses  the 


ALTITUDE 
IN  MILES 


layers  of  ice.  Hailstones  vary  in  size.  Some  are 
no  larger  than  a small  pea,  but  occasionally 
hailstones  larger  than  hens’  eggs  fall  from 
thunderstorms. 

Fog.  A fog  is  similar  to  a cloud,  except  that 
it  is  formed  on  the  ground  rather  than  a thou- 


cold  waters  of  the  Labrador  Current  off  New- 
foundland, the  Grand  Banks  are  usually  en- 
veloped in  fog.  In  fact,  Cape  Race  is  fog- 
bound for  as  much  as  158  days  a year.  Similar 
fogs  occur  along  the  coast  of  British  Colum- 
bia. In  London,  where  condensation  takes 
place  easily  because  of  the  large  amount  of 
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soft-coal  soot  in  the  air,  the  fog  sometimes  be- 
comes so  dense  that  street  lights  must  be 
turned  on  in  the  middle  of  the  day. 

Fogs  make  transportation  by  ship  and  by 
aircraft  extremely  dangerous.  Millions  of  dol- 
lars are  therefore  spent  each  year  on  safety 
devices  and  weather  forecasting  in  an  effort  to 
prevent  possible  accidents  in  thick  fogs. 

- - -r.  ■ 

Dew  and  Frost.  Water  Vapor  that  condenses 
on_  the  ground  at  night  above  the  freezing 
point  forms  dew.  If  the  temperature  of  the 
ground  is  b^low  the  fi;^zing  point,  the  water 
vapor  condenses  tor'^ost/  To  understand  the 
formation  of  frost  and  dew,  let  us  consider 
what  happens  to  the  ground  at  night.  After 
the  sun  sets,  the  ground  begins  to  radiate  heat 
through  the  atmosphere  to  outer  space.  As 
the  ground  cools,  the  air  close  to  it  also  be- 
comes cooler.  When  the  air  is  cooled  to  a 
certain  point,  the  moisture  in  it  condenses  on 
the  ground.  Two  other  conditions  are  essential 
for  the  fnrm^inn  nf  deu^There  must  .be  no 
wind,  and  th^kv  must  be  clear.  Even  a light 
breeze  mixes  the  air  near  the  ground  with  the 
warmer  air  above  and  thus  prevents  condensa- 


tign.  If  the  sky  is  not  clear,  much  of  the  heat 
radiajed  by  the  earth  is  reflected  by  the  cloyids 
an3^  the  ground  therefore  does  not  cool  suf- 
ficiently  to  permit  the  moisture  in  the  air  to 
-condense. 

The  Troposphere  and  the  Stratosphere.  All 

winds,  storms,  and  changing  weather  take 
place  in  a thin  shell  of  air  surrounding  the 
earth.  This  layer  of  the  atmosphere  is  called 
the  troposphere.  Beyond  the  troposphere  the 
temperature  does  not  fall  as  we  rise  higher; 
there  are  no  convection  currents,  no  clouds, 
and  little  water  vapor.  In  short,  there  is  no 
weather.  This  outer  layer  of  the  atmosphere 
is  called  the  stratosphere.  It  begins  at  an  alti- 
tude of  about  40,000  feet,  where  the  tempera- 
ture is  about  —67°  F.  It  is  an  ideal  altitude 
for  the  navigation  of  aircraft  since  it  is  above 
all  bad  weather.  More  and  more  planes  are 
being  constructed  to  fly  in  the  stratosphere. 
Such  planes  must  have  pressurized  cabins  to 
provide  adequate  air  pressure  for  the  comfort 
of  the  passengers  and  superchargers  to  supply 
sufficient  oxygen  to  operate  the  engines. 


THINGS  TO 

A front  is  the  boundary  between  two  air 
massesT^ain  ofteiT^urs  alongTronts. 

In  a ^arm  fro^i  the  warnTair  pushes  back  the 
cold-air  mass.  In  a coldjmni  the  cold  air  pushes 
back  the  warm-air  mass. 

A is  a low-pressure  whirlpool  of  air 

moving  counterclockwise,  inward  and  upward. 

An  anticyclone  is  high-pressure  whirlpool  of 


It.  Describe  the  formation  of  cumulus  clouds. 

JHlow  may  rain  be  produced? 
a:  What  is  a cyclone? 

^ What  is  an  anticyclone? 

What  is  the  stratosphere? 
j^.  How  is  fog  produced? 

What  is  the  cause  of  dew? 

When  the  barometer  falls,  what  kind  of 


REMEMBER  — 

air  moving  clockwise,  outward  and  downward; 

Cirrus  clouds  are  high,  thin  clouds  consisting 
of  ice  crystals. 

Cumidun  cl.ourf^  are,  large  puffy  clouds  caused 
by  vertical  convection. 

Thunderstorms  are  the  result  of  strong  vertical 
convection  currents  that  form  cumulonimbus 
clouds. 

IONS 

weather  is  likely  to  follow?  What  kind  of 
weather  is  likely  when  it  rises? 

9.  Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

(a)  Dew  is  most  likely  to  form  on  a cloudy 
night. 

(b)  Frost  is  not  likely  to  form  if  a strong 
wind  is  blowing  at  night. 
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(c)  The  atmospheric  pressure  in  the  cen- 
ter of  a cyclone  is  high. 

(d)  A cold-air  mass  pushes  back  a warm-air 
mass  to  form  a cold  front. 

(e)  Thunderstorms  never  result  from  cu- 
mulonimbus clouds. 

B 

10.  What  are  the  principal  differences  between 
a cyclone,  a hurricane,  and  a tornado? 

PRO  J 

1.  Recognizing  Different  Types  of  Clouds.  Ex- 
amine the  sky  on  two  or  three  successive  days 
and  name  the  cloud  formations.  Are  there 
any  cumulus  clouds?  How  were  they  formed? 
Do  they  remain  in  the  same  place  for  more 
than  an  hour?  What  finally  happens  to 
them?  Try  to  answer  the  same  questions  for 
cirrus  clouds. 

2.  Locating  the  Center  of  a Cyclone.  There  is  a 
useful  and  simple  way  (called  Buys  Ballots 
Law)  to  locate  the  center  of  a cyclonic  storm 
in  the  Northern  Hemisphere.  Stand  with 
your  back  to  the  wind  and  raise  your  left  arm 
so  that  it  is  horizontal  and  in  line  with  your 
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1 1 . Describe  cumulus  clouds  and  cirrus  clouds. 

12.  Explain  how  a thunderstorm  is  formed. 

13.  Describe  the  life  of  a cyclone  from  its  ori- 
gin to  its  end. 

14.  What  happens  as  a cold  front  approaches 
and  passes  over  you? 

15.  What  happens  as  a warm  front  approaches 
and  passes  over  you? 

CTS 

shoulders;  now  move  your  arm  so  that  it 
points  slightly  forward  and  it  will  point  in  the 
direction  of  the  center  of  low  pressure.  The 
reason  for  this  is  that  the  winds  in  a cyclone 
spiral  inward,  counterclockwise,  toward  the 
center  of  low  pressure. 

The  next  time  the  barometer  falls  and  a 
storm  approaches,  try  this  method  of  locating 
its  center.  Do  this  every  few  hours  for  a whole 
day  and  you  should  be  able  to  roughly  plot  the 
path  of  the  low.  If  there  is  a weather  map  in 
your  newspaper,  you  can  use  it  to  check  the 
accuracy  of  your  results. 


chapter  20 


WEATHER  FORECASTING 


In  Chapters  18  and  19  we  diseussed  the 
eauses  of  rain,  fog,  winds,  and  storms,  and 
how  these  all  go  together  to  make  up  our  daily 
weather.  Knowing  something  about  them 
makes  the  daily  changes  in  weather  fascinating 
to  watch.  To  be  able  to  say,  for  example, 
“Here  comes  a cold  front,”  and  then  to  pre- 
dict and  watch  all  the  familiar  changes  that 
occur  as  the  front  passes,  can  increase  your 
interest  in  the  changing  aspects  of  weather. 
In  this  chapter  we  will  see  how  man’s  knowl- 
edge of  the  elements  enables  him  to  forecast 
weather. 

Predicting  the  Weather.  In  order  to  fore- 
cast the  weather  for  a given  area  a meteorolo- 
gist must  have  exact  knowledge  of  the  pres- 
ent weather  surrounding  the  area.  Since  air 
masses  and  fronts  often  move  several  hundred 
miles  a day,  he  must  know  the  position  of  all 
fronts  and  of  highs  and  lows,  and  how  fast 
they  are  moving.  He  must  know  the  kind  of 
clouds  present  and  the  extent  of  cloudiness. 
He  must  also  know  the  direction  and  velocity 
of  the  winds,  the  amount  and  location  of  any 
precipitation,  the  amount  of  moisture  in  the 
air,  and  the  barometric  pressure  at  as  many 
points  as  possible.  With  these  data  he  can 
predict  with  reasonable  accuracy  what  changes 
in  the  weather  will  occur  in  the  immediate 
future  in  a particular  area. 

It  would  be  impossible,  of  course,  for  one 
man  to  gather  all  this  information  in  time  to 
make  a prediction  that  would  be  of  any  use. 


It  takes  hundreds  of  trained  observers,  scat- 
tered all  over  Canada  and  the  United  States, 
to  provide  a meteorologist  with  all  the  data 
he  needs  to  forecast  the  weather.  Canada’s 
Weather  Service  was  established  and  devel- 
oped principally  to  supply  this  need. 

The  first  service  in  the  world  for  gathering 
weather  data  was  established  in  Europe  during 
the  last  century.  At  that  time  the  telegraph  had 
not  been  invented.  Warnings  of  approaching 
storms  were  relayed  by  signal  flags  from  hill 
to  hill  across  the  countryside.  The  telegraph 
makes  possible  more  accurate  weather  forecast- 
ing. Today  the  meteorologist  receives  his  in- 
formation from  a weather  map  made  up  every 
few  hours  from  reports  that  are  teletyped  to  his 
office  by  hundreds  of  observers  in  all  parts  of 
the  country. 

All  over  the  country,  from  Newfoundland  to 
British  Columbia,  official  observers  read  their 
weather  instruments  at  the  same  time.  In  Lab- 
rador it  may  be  a cold  evening  as  the  observer 
throws  on  an  overcoat  and  trudges  out  to  meas- 
ure the  amount  of  snowfall.  On  Vancouver  Is- 
land at  exactly  the  same  time,  an  observer  may 
be  going  out  in  his  shirt  sleeves  on  a bright 
sunny  afternoon  to  read  his  instruments.  Pres- 
sure, humidity,  wind, temperature,  and  so  on, 
are  all  measured  at  the  same  time  in  each  place. 
Some  of  the  instruments  used  at  every  weather 
station  are  explained  below. 

Precipitation.  Rainfall  and  snowfall  ean  be 
measured  by  a rain  gagg  such  as  that  shown  in 
177 
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Fig.  20-1.  The  gage  is  placed  upright  in  an 
open  level  place.  It  consists  of  a narrow  tube 
in  which  the  rain  is  collected  through  a large 
funnel.  Tube  and  funnel  are  supported  in  a 
large  outer  can.  To  measure  the  rainfall,  a 
measuring  stick  is  inserted  in  the  tube  and 
then  removed;  the  depth  to  which  the  stick 
has  become  wet  is  read.  The  cross-section  area 
of  the  top  of  the  funnel  is  exactly  ten  times 
that  of  the  cross-section  of  the  eollecting  tube. 
The  depth  of  the  water  colleeted  in  the  tube 
is  therefore  ten  times  that  of  the  aetual  rain- 
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Fig.  20—1 . Parts  of  an  8-inch  rain  and  snow  gage 
with  measuring  stick. 

fall.  With  this  gage  rainfall  can  be  measured 
accurately  to  one-hundredth  of  an  ineh. 

In  winter  the  funnel  and  tube  are  removed. 
The  snow  collected  in  the  large  ean  is  melted 
and  poured  into  the  small  tube.  The  amount 
of  snowfall,  in  terms  of  water  eontent,  is  then 
read  in  the  usual  way.  Ten  inehes  of  snow  is 
approximately  equal  to  one  inch  of  rain. 

Wind  Direcfion  and  Velocity.  Wind  direc- 
tiph^  indicated^y  a slmpI^Tv^hcn^nc. 
The  aetual  direction  is  usually  shown  by 
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electrical  means  on  a compass  dial  located  in 
the  ofhce,  where  h can  be  conveniently  read. 

Wind  velocftvls  measured  bv  an  armnom- 
eter,  one  type  of  whieh  is  shown  in  Fig.  20-2. 
The  three  eups  rotate  in  the  wind  like  a hori- 
zontal windmill,  the  speed  of  rotation  in- 
ereasing  as  the  veloeity  of  the  wind  inereases. 
The  speed  of  the  shaft’s  rotation  is  reeorded 
on  a meter  dial  that  indieates  the  wind  ve- 
locity in  miles  per  hour. 

Anemometers  are  standard  equipment  at 


every  weather  station,  but  wind  velocity  can 
be  estimated  when  an  anemometer  is  not 
available.  A sea  eaptain  named  Beaufort  de- 
vised a set  of  rules,  now  known  as  the  Beau- 
fort Seale,  for  estimating  the  wind  veloeity 
at  sea  by  the  type  and  size  of  the  waves.  This 
seale  has  been  adapted  for  use  on  land  and  is 
shown  on  page  179. 


Baromefric  Pressure.  The  pressure  of  the 
atmosphere,  or  barometric  {pressure,  is  meas- 
ured most  aceurately  by  means  of  a mercury 
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Fig.  20—2.  A Robinson  cup  anemometer  for  measur- 
ing the  velocity  of  the  wind. 
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BEAUFORT  SCALE  OF  WIND  VELOCITIES 

Beaufort  Number 

Type  of  Wind 

Description 

Velocity  in  mph 

0. 

Calm 

Smoke  rises  vertieally. 

Less  than  1 

1. 

Light 

Direetion  of  wind  shown  by  smoke 

Breeze 

drift  but  not  by  wind  vanes. 

1-3 

2. 

Slight 

Wind  felt  on  faee;  leaves  rustle;  ordi- 

Breeze 

narv  vane  moved  by  wind. 

4-7 

Gentle 

Leaves  and  small  twigs  in  eonstant 

Breeze 

motion;  wind  extends  light  flag. 

8-12 

4. 

Moderate 

Raises  dust  and  loose  paper;  small 

Breeze 

branehes  are  moved. 

13-18 

Fresh 

Breeze 

Small  trees  in  leaf  begin  to  sway; 
erested  wavelets  form  on  inland 
waters. 

19-24 

6. 

Strong 

Breeze 

Large  branehes  in  motion;  whistling 
heard  in  telegraph  wires;  umbrellas 
used  with  diffleulty. 

25-31 

7. 

High  Wind 

Whole  trees  in  motion;  ineonven- 

(Mod.  Gale) 

ienee  felt  in  walking  against  wind. 

32-38 

8. 

Gale 

Breaks  twigs  off  trees;  generally  im- 

(Fresh 

Gale) 

pedes  progress. 

39-46 

9. 

Strong  Gale 

Slight  struetural  damage  oeeurs 
(slates  removed  from  roof) . 

47-54 

10. 

Whole  Gale 

Trees  uprooted;  eonsiderable  strue- 
tural damage  oeeurs. 

55-63 

11. 

Storm 

Rarely  experieneed;  aeeompanied  by 
widespread  damage. 

64-75 

12. 

Flurrieane 

Above  7 5 

barometer,  described  in  Chapter  5.  A nier- 
cury__baiQineter  is  found  in  every  weather 
station.  But  another  type,  called  an  aneroid 
barometer  ( see  Fig.  20-4A),  is  often  used 
because  it  is  more  convenient  than  the  mer- 
cury one.  It  consists  of  a small  disk-like  metal 
box  from  which  part  of  the  air  has  been  re- 
moved. If  the  atmospheric  pressure  increases, 
the  top  of  the  small  box  is  depressed;  if  the 
atmospheric  pressure  drops,  the  top  of  the 
box  rises.  The  movement  is  transmitted  to  a 
needle  on  the  dial  of  the.  instrument. 

Relative  Humidity.  The  water  vapor  in  the 
air  is  measured  by  an  instrument  called  a 
wet-  and  drv-bulb  thermometer,  which  consists 
of  two  ordinary  mercury  thermometers.  One 
thermometer  is  exposed  directly  to  the  air;  the 


other  has  its  bulb  covered  with  a sleeve  of 
muslin  which  dips  into  a glass  of  water.  The 
apparatus  is  set  up  outdoors  in  a shelter  that 
shields  the  thermometers  from  the  sun’s  radia- 
tion but  permits  the  outside  air  to  circulate 
freely  so  that  it  may  cool  and  heat  the  ther- 
mometer bulbs  by  conduction,  thus  giving  an 
accurate  reading  of  the  air  temperature. 

If  the  air  is  saturated — that  is,  if  it  contains 
the  greatest  amount  of  water  vapor  it  can  hold 
at  a given  temperature— no  evaporation  will 
take  place  from  the  wet  muslin.  Then  both 
thermometers  will  read  the  same.  If  the  air 
is  very  dry,  however,  evaporation  from  the 
muslin  will  be  rapid.  Since  evaporation  is  a 
cooling  process,  the  wet-bulb  thermometer 
will  read  lower  than  the  dry-bulb.  From  the 
difference  between  the  two  thermometer  read- 
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ings  the  relative  humidity  can  be  calculated. 

Relative  humidity  strongly  affects  human 
comfort.  When  the  relative  humidity  is  high, 
evapora^n  proceeds  so  slowly  that  the  hu- 
man  body  loses  little  heat  by  the  evaporation 
of  perspiration.  Hence  on  a hot  day  when 
:he  relative  humidity  is  close  to  100  percent 
(a  muggy  day),  we  feel  much  hotter  than  on 
a hot  dry  day;  our  clothing  becomes  damp  and 


Courtesy  L.  E.  Johnson  from 
U.S.  Weather  Bureau 

Fig.  20—3.  Wind  instruments.  From  left  to  right: 
Dines  pressure  tube  anemometer,  thunderstorm  indi- 
cator, 4-foot  wind  vane,  and  3-cup  Robinson  ane- 
mometer (note  that  this  is  whirling  so  rapidly  that  the 
cups  appear  only  as  a blur.) 

sticky  from  perspiration  that  does  not  evapo- 
rate. 

Dewpoint.  The_  dewpoint  is  the  tempera- 
ture  tO- which  the  air  must  be  cooled  jnstrdei. 
to  jproduce  condensation.  Condensation  be- 
gins to  take  place  when  the  relative  humidity 
approaches  100  percent.  A knowledge  of  the 
dewpoint  is  important  in  forecasting  fog.  For 
example,  suppose  a flyer  takes  off  in  the  late 
afternoon  on  a clear  day  for  an  airport  several 
hours’  flight  away,  where  the  temperature  at 
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the  time  he  starts  is  80°  F.  and  the  dewpoint 
is  76°  F.  He  should  know  from  these  figures 
that  there  is  likely  to  be  fog  over  the  field 
when  he  arrives,  for,  as  evening  approaches, 
the  air  will  cool  oflf.  At  76°  F.  the  water  vapor 
in  the  air  will  begin  to  condense  and  form  fog 
droplets,  and  the  visibility  may  be  reduced  to 
the  point  where  the  flyer  will  find  it  difficult 
to  land  safely. 


Courtesy  Taylor  Instrument  Co. 

Fig.  20— 4A.  The  exterior  of  an  aneroid  barometer. 
The  dials  indicate  atrngsph^Xlcpr^sure  in  inches  and 
millimeters. 

There  are  instruments  for  determining  the 
dewpoint  directly,  but  it  is  usually  obtained 
from  the  readings  of  wet-and-dry-bulb  ther- 
mometers. 

The  Weather  Map.  Fig.  20-6  is  a weather 
map  on  which  is  shown  the  information  col- 
lected by  observers  all  over  the  country  at  7:30 
p.M.  Eastern  Standard  Time.  This  kind  of 
map  is  published  daily  in  newspapers  through- 
out the  country.  It  is  a simplified  map  and 
does  not  contain  as  much  information  as  the 
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official  weather  maps  used  by  meteorologists, 
l)ut  it  shows  tlie  most  important  features  of 
the  weather  throughout  the  eountry. 

Inrst,  notice  that  the  map  is  eovered  with 
solid  black  lines.  'I’hese  lines  are  ealled  iso- 
bars. They  iiidieate  equal  barometrie  pres- 
sure; all  places  on  the  same  isobar  have  the 


Courtesy  Taylor  Instrument  Co. 


" Fig.  20-4B.  The  mechanism  of  an  aneroid  barom- 
I eter;  A,  base  plate;  B,  partially  evacuated  metal  disk- 
like box;  C,  support  for  spring;  F,  spring  to  support 
top  of  box  and  keep  it  from  collapsing  under  normal 
air  pressure;  H,  arm  that  moves  up  and  down  as 
changing  air  pressure  on  box  moves  top  in  and  out; 
J,  lever  system  to  magnify  motion  of  top  of  box;  N, 
flexible  chain  which  turns  the  pivot,  L,  to  which 
I indicator  hand  is  attached;  M,  hairspring  to  take  up 
slack  in  chain  when  air  pressure  drops. 

same  pressure.  At  one  end  of  the  line  the 
pressure  is  given  in  inches  of  mercury,  and  at 
the  other  end  it  is  given  in  millibars.  The 
[millibar  is  the  unit  of  pressure  eommonly  used 
iby  meteorologists;  it  is  equal  to  .0295  inehes 
of  mercury;  1000  millibars  are  equal  to  29.5 
inehes  of  mercury,  which  is  approximately 
'normal  atmospherie  pressure.  For  example, 
jlook  at  the  isobar  that  passes  through  St. 


John’s.  It  runs  off  the  map  just  southeast 
of  St.  John’s,  and  the  figure  29.89  at  this 
end  of  the  line  means  that  the  barometric 
pressure  at  every  point  along  this  line  is  29.89 
inches  of  mercury.  At  the  other  end  of  the 
line  we  find  the  number  1012,  which  is  the 
pressure  in  millibars  corresponding  to  29.89 
inches.  Isobars  make  it  easy  to  locate  the 
highs  and  lows  across  the  country.  They  also 
indicate  the  direction  of  flow  of  the  air,  for 
the  winds  usually  blow  almost  directly  along 
the  isobars,  counterclockwise  about  a low  and 
slightly  inward  toward  the  center,  and  clock- 
wise about  a high  and  slightly  outward.  The 
isobars  also  give  some  indication  of  wind  velo- 
cities. If  the  isobars  are  close  together,  wind 
velocities  are  usually  high;  if  they  are  far  apart, 
wind  velocities  are  low. 

Temperature,  Clouds,  Wind,  and  Precipi- 
tation. You  will  notice  that  each  city  where 
observations  of  temperature,  precipitation, 
and  other  weather  conditions  are  made,  is  rep- 
resented by  a sm&ll  circle.  When  the  weather 
at  a given  station  is  clear,  the  circle  is  un- 
shaded; when  it  is  partly  cloudy,  the  circle  is 
half  shaded;  and  when  the  sky  is  completely 
cloudy,  the  circle  is  completely  shaded.  Rain, 
snow,  and  fog  are  shown  by  the  letters  R,  S, 
or  F beside  the  circle.  Beside  each  circle  is  a 
number  giving  the  temperature.  Where  pre- 
cipitation has  occurred,  the  amount  of  rain  in 
inches  during  the  last  twenty-four  hours  is 
given  by  a second  number  below  that  repre- 
senting temperature.  Notice  that  to  each 
circle  representing  a station  is  attached  an 
arrow  with  a number  of  barbs  on  the  tail. 
The  arrows  show  the  direction  of  the  wind; 
the  barbs  indicate  the  wind  velocity  on  the 
Beaufort  Scale.  No  arrow  would  mean  no 
wind;  an  arrow  with  half  a barb,  a wind  of  1 
on  the  Beaufort  Scale;  an  arrow  with  a whole 
barb,  2 on  the  scale;  one  and  a half  barbs, 
3;  and  so  on.  Relative  humidity  is  not  given 
on  this  simplified  map. 

Let  us  examine  the  Winnipeg  station  circle. 
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Here  we  see  a blaek  eirele,  whieh  means 
eloudy  but  no  rain  or  snow.  The  temperature 
is  32°  F.,  and  the  precipitation  is  .10,  which 
means  that  there  has  been  one-tenth  of  an 
inch  of  precipitation— probably  snow— in  the 
last  twenty-four  hours.  The  wind  direction  is 
northwest,  and,  since  there  are  three  whole 
barbs  on  the  arrow,  the  wind  velocity  is  be- 
tween 25  and  31  miles  per  hour.  The  baro- 
metric pressure  is  about  1023  millibars. 

Fronts  and  Air  Masses.  Fronts  are  shown 
on  the  map  by  long  lines  with  markings  along 


is  a cold-air  mass  that  has  pushed  down  from 
the  Canadian  Arctic.  One  or  two  days  before 
this  map  was  made  it  was  northwest  of  its 
present  location.  It  has  become  somewhat 
warmer  as  it  moved  southeastward,  but  it  is 
still  cold  enough  to  bring  freezing  tempera- 
tures as  far  south  as  the  Great  Lakes.  In 
Churchill  on  Hudson  Bay  the  temperature  is 
only  three  degrees  above  zero.  The  area  of 
highest  barometric  pressure  in  this  air  mass 
is  centered  to  the  east  of  McMurray.  It  is 
called  an  anticyclone  You  can  see  by  the  wind 
arrows  on  the  station  circles  in  this  anticyclone 
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Fig.  20-5.  A form  of  wet-  and  dry-bulb  thermometer  called  a sling  psychrometer,  which  is 
whirled  about  in  the  air  to  facilitate  evaporation  from  the  wet  muslin  on  the  wet-bulb 

thermometer. 


them.  Along  a cold  front  the  markings  are 
pointed.  The  markings  are  along  that  side 
of  the  front  line  toward  which  the  front  is 
moving.  The  front  stretching  from  Philadel- 
phia southeastwards  into  the  Atlantic  is  a 
cold  front.  You  will  notice  on  the  long 
front  stretching  from  the  Yukon  Territories 
southward  to  Mexico  that  the  warm  front  and 
cold  front  markings  appear  on  opposite  sides 
of  the  line.  This  indicates  a front  that  is 
not  moving;  it  is  called  a stationary  front. 

The  large  air  mass  covering  the  prairie 
provinces  and  the  central  and  eastern  states 


region  that,  with  a few  exceptions  due  to  local 
conditions,  the  air  is  spiraling  outward  in  a 
clockwise  direction  from  the  center  of  high 
pressure.  The  temperatures  in  the  western 
half  of  this  air  mass  are  generally  higher  than 
those  due  east  in  the  other  half.  The  reason 
for  this  is  that  the  air  in  the  western  half 
comes  from  the  south  where  it  has  been 
warmed,  while  the  air  in  the  eastern  half  comes 
from  colder  regions  to  the  north.  H 

Suppose  we  take  an  imaginary  flight  fromll 
Calgary,  in  the  cold-air  mass,  where  the  tem-H 
perature  is  59  and  the  wind  is  east-southeastfl 
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Fig.  20-6.  A weather  map  of  the  type  printed  daily  in  the  newspapers  forecasts  atmospheric 
conditions  for  a particular  day. 
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to  Revelstoke,  B.  C.  About  halfway  there  we 
would  cross  a stationary  front  and  the  clear 
dry  air  would  change  to  slightly  warmer  and 
hazier  air.  At  Revelstoke,  we  would  find  the 
temperature  higher  and  the  air  not  quite  so 
clear  as  in  Calgary,  We  would  also  find  that 
the  wind  is  blowing  from  the  south.  We  are 
in  another  air  mass,  a warmer  one  which 
originated  in  the  Pacific  Ocean.  If  we  had 
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the  upper  left-hand  corner.  It  can  be  recog- 
nized by  the  low  pressure  at  its  center.  South 
of  New  York,  however,  we  see  a typical  cy- 
clone in  its  early  stages,  with  a low  pressure 
at  its  center.  The  cold  front  has  just  started 
to  overtake  the  warm  front  and  a small  oc- 
cluded front  is  shown.  Such  a front  (there 
are  3 in  Fig.  20-6)  is  indicated  on  weather 
maps  by  alternating  warm-  and  cold-front 


Courtesy  Trans-Canada  Air  TAnes 

Fig.  20-7.  Meteorologist  receiving  weather  information  and  recording  data  on  a weather  map. 


flown  to  Fort  St.  John  we  would  find,  shortly 
after  our  arrival,  that  the  wind  would  become 
gusty  and  would  shift  from  southwest  to  west 
or  northwest  and  that  the  temperature  would 
drop  rapidly  20  to  30  degrees.  This  would 
be  the  result  of  the  eastward  movement 
of  the  cold  front  that  is  shown  approaching 
from  the  northwest. 

The  weather  map  also  shows  three  cyclones. 
We  can  see  only  a small  portion  of  one  in 


markings  on  the  same  side  of  the  front  line. 

When  meteorologists  forecast  weather,  they 
start  by  drawing  a map  like  the  one  in  Fig. 
20-6,  but  more  complex.  Airlines  and  the  Air 
Force  have  their  own  meteorologists  to  deter- 
mine flying  conditions  along  their  routes 
(see  Fig.  20-7).  They  use  the  information 
provided  by  the  Weather  Division.  They  also 
constantly  receive  reports  by  radio  from 
their  own  planes  on  weather  conditions  along 
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their  flight  routes.  With  this  information  they 
can  make  accurate  maps  and  forecasts  of  the 
weather  all  along  their  routes. 

On  long  transoceanic  flights  planes  do  not 
always  fly  by  the  shortest  geographical  route. 
They  can  saye  both  time  and  gasoline  by  what 
is  called  flyinE.  Before  taking 

off,  the  pilot  examines  the  pattern  of  the 
isobars  on  the  weather  map.  By  flying  along 
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perature,  humidity,  and  wind  yelocity  and  di- 
rection, not  at  the  ground  leyel  but  at  altitudes 
of  seyeral  thousand  feet.  At  the  ground  level 
all  these  elements  are  greatly  changed  by  the 
earth’s  surface.  For  example,  a cold  dry  air 
mass  that  lies  over  warm  moist  ground  tends 
to  become  warm  and  moist  itself  close  to  the 
ground.  In  addition,  the  wind  will  be  reduced 
in  velocity  and  changed  in  direction  because 


Courtesy  T rans-Canada  Air  Lines 

Fig.  20-8.  Trans-Canada  Air  Lines  pilots  consulting  with  a meteorologist  about  the  kind  of 
weather  they  may  expect  along  their  flight  route. 


the  line  of  the  isobars  that  surround  anticy- 
clones along  his  route,  he  nearly  always  has  a 
tail  wind  to  aid  him. 

Air-Mass  Analysis.  Most  modern  weather 
forecasting  is  done  by  means  of  air-mass  analy- 
sis. This  requires  knowing  exactly  what  kind 
of  air  mass  is  overhead,  where  it  comes  from, 
and  what  is  likely  to  happen  to  it  in  the  near 
future.  The  forecaster  must  find  out  its  tem- 


of  the  friction  of  trees,  hills,  and  buildings.  At 
high  altitudes  the  air  is  little  affected  by  the 
ground  below. 

Such  measurements  are  made  at  different 
levels,  all  the  way  up  to  the  stratosphere,  by 
means  of  a radiosondes  The  radiosonde  is  a 
small  box  containing  a ther^meter,  "baro^- 
ter,  and  jelative-humiditv  indicator.  It  is  car- 
ried up  to  the  stratosphere  by  a helium- 
filled  balloon.  Also  included  in  the  box  is  a 
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small  radio  transmitter  that  automatically 
transmits  the  temperature,  pressure,  and  hu- 
midity  back  to  the  earth  by  means  of  coded 
signals.  Radiosonde  measurements,  taken 
daily  throughout  the  country,  are  used  to 
make  weather  maps  of  the  air  at  different 
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levels  above  the  ground.  These  maps  are  used 
by  the  meteorologist,  in  addition  to  the 
ground-level  maps,  to  forecast  weather  by  air- 
mass  analysis. 


Courtesy  General  Electric  Co. 


Courtesy  General  Electric  Co. 

Fig.  20—10.  These  weather  observers  are  preparing 
to  release  a radiosonde  balloon. 


Fig.  20—9.  This  antenna  records  information  on 
weather  conditions  from  a balloon  supplied  with 
instruments  and  a radio  transmitter. 


THINGS  TO 

The  dc^oint  is  the  temperature  to  which  the 
air  must  becooled  in  order  to  produce  condensa- 
tion. 

Hot  days,  when  the  relative  humidity  is  high, 
are  uncomfortable  because  perspiration  does  not 
evaporate  rapidly  enough  to  cool  the  body. 

I^oh^s  are  lines  on  the  weather  map  connect- 
ingpffmts  that  have  equal  atmospheric  pressure 
at  the  same  time. 


1.  What  is  an  anemometer? 

W.  What  is  an  aneroid  barometer? 

Why  are  hot  days  when  the  relative  humid- 


REMEMBER  

A^mllih^s  equal  to  0.0295  inches  of  mercimc 

Weather  maps  give  a complete  picture  of  the 
weather  over  a large  area. 

Modern  weather  forecasting  is  accomplished 
by  air-mass  analysis,  which  requires  a knowledge 
of  temperature,  humidity,  and  wind  velocities 
and  directions  at  high  altitudes. 

IONS 

ity  is  high  more  uncomfortable  than  hoi 
days  when  the  relative  humidity  is  low? 

4.  Point  out  th^  following  things  on  the 
weather  map,  Fig.  20-6; 
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5. 


7. 


(a)  cold  front 
[h)  Nvarin  front 

(c)  isobar 

(d)  anticyclone 

(e)  station  circle 

(/)  a place  where  the  weather  is  clear 
(g)  a place  where  snow  is  falling 
( /i ) a low 

(/)  a place  where  the  weather  is  cloudy 
Gi\e  sc\cral  instances  in  which  property  loss 
is  prc\  cntcd  by  accurate  weather  forecasting. 

B 

I low  may  the  dewpoint  of  the  air  be  deter- 
mined? 

On  the  weather  map  in  Fig.  20-6  locate  the 
following: 

{a)  eold-air  mass 


{h)  warm-air  mass 

(c)  two  places  where  the  atmospherie  pres- 
sure is  1008  millibars 

(d)  stationary  front 

(e)  a place  where  the  wind  dircetion  is 
south 

(/)  a plaee  where  the  wind  velocity  is  be- 
tween 13  and  18  miles  per  hour 
(g)  a place  where  it  is  partly  eloudy 
(/i)  a eyelone 

8.  From  the  weather  map  in  Fig.  20-6  try  to 
foreeast  what  the  weather  will  be  twenty- 
four  hours  later  in  the  following  eities:  (a) 
Fort  Nelson;  (b)  Gander;  and  (c)  Winni- 
peg- 

9.  The  mereury  barometer  reads  29.95  inches. 
How  is  this  pressure  expressed  in  millibars? 
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1. 


2. 


Observing  the  Weather.  At  a regular  time 
each  day  for  a month  reeord  the  following 
weather  elements: 

(a)  temperature 

(b)  barometric  pressure 

(c)  wind  direction 

(d)  extent  of  clouds 

(e)  kiiid  of  clouds 
(/)  kind  of  weather 
(g)  rainfall 


(c)  minimum  daily  temperature 

(d)  kinds  of  clouds 

(e)  state  of  weather  (elear,  partly  cloudy, 
rain,  fog,  etc.) 

(/)  barometric  pressure 

(g)  change  in  barometric  pressure  (rising 
or  falling) 

(h)  wind  direction  and  velocity 

(i)  amount  of  precipitation  in  last 
twenty-four  hours 


Galculate  the  following  at  the  end  of  the 
month : 

( a ) average  temperature 

(b)  average  pressure  (How  close  is  it  to 
29.95  inches?) 

(c)  total  rainfall 

(d)  number  of  cloudy  days 

(e)  pre\ailing  wind  direction 

The  rainfall  may  be  measured  roughly  by 
using  a large  tin  can  as  a rain  gauge.  Set  'it 
horizontally  in  an  exposed  place  where  dogs 
and  cats  cannot  drink  from  it.  An  ordinary 
ruler  can  be  used  as  a measuring  stick. 

Wind  direction  may  be  determined  by  ob- 
serving a weather  vane  or  a flag. 

To  Organize  a Meteorological  Club.  Start  a 
meteorological  club  in  your  school.  You  can 
obtain  simple  weather  instruments  from  any 
reliable  instrument  company  or  make  them 
yourself.  Take  daily  observations  at  a fixed 
time  of  the  following  weather  elements: 

(a)  air  temperature 

(b)  maximum  daily  temperature 


Weekly  meetings  can  be  held  to  discuss  the 
weather  during  the  past  week  and  to  com- 
pare it  with  the  weather  maps  published  dur- 
ing the  week.  (Weather  guides  and  booklets 
on  the  weather  are  available  from  the  Depart- 
ment of  Transport,  Meteorological  Division, 
315  Bloor  St.,  West,  Toronto,  Ontario.) 
Glouds  can  be  observed  and  identified  at  the 
weekly  meeting. 

The  daily  weather  observations  can  be  kept 
in  a permanent  file,  and  if  there  is  no  local 
weather  bureau  in  your  town,  you  may  find 
that  your  newspaper  will  publish  weekly  sum- 
maries of  precipitation,  and  maximum,  mini- 
mum, and  average  temperatures  provided  by 
the  club  from  their  daily  observations. 

Your  club  or  individual  members  may  wish 
to  join  and  carry  on  co-operative  observations 
with  the  Amateur  Weatherman’s  Associa- 
tion. Further  details  about  this  organization 
can  be  obtained  by  writing  to  Amateur 
Weatherman’s  Association,  Washington, 
D.G. 
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chapter 


WHAT  IS  CLIMATE? 


When  we  speak  oft^e  weather,  we  mean 
the  dav-bv-dav  chai^^S  of  temperature,  rain- 
fall, wind,  clouds,  humidity,  and  so  on.  Cli- 
mate. ,on  the  other  hand,  refers  to  the^  average 
of  these  weather  conditions  in  an  at€a  over  a 
period"^  years.  For  example,  if  a cold  front 
over  Arizona  produces  rain  for  several  days, 
we  say  the  weather  is  wet.  But  because  rain 
occurs  infrequently  in  Arizona,  and  the  total 
amount  of  rainfall  each  year  is  small,  we  say 
the  climate  of  Arizona  is  dry. 

The  warmest  climates  are  found  near  the 
equator  and  the  coldest  near  the  poles.  Small 
islands,  being  entirely  surrounded  by  water, 
have  damp  climates,  whereas  areas  within  a 
large  continent,  far  from  large  bodies  of  water, 
generally  have  dry  climates.  Western  China 
and  Siberia,  for  example,  have  dry  climates. 


The  chgi^  of  a section  of  thejworld  is  deter- 
mined by  such  fa(^ors~'as“^fe  direction  of  its 
prevailing  wind,  itr nearness  to  the  equator  or 
pok?^^  nearness  to  large  bodies  of  water,  and 
th^ocation  of  high  mountain  ranges . 

Mountains  as  a Cause  of  Rain.  As  we  have 
already  pointed  out,  rain  and  snow  fall  only 
when  a^oisT_mass_  of_jitlises  so  that  it  ex- 
pands and  copiueiiough  to  cause  .coadenss- 
tion.  This  can  occur  not  only  along  fronts  but 
also  when  moving  air  is  forced  up  over  a 
mountain  range. 

Let  us  compare  the  climate  of  the  western 
slopes  of  the  Rockies  with  that  of  the  east- 
ern slopes.  The  prevailing  winds  that  blow 
across  British  Columbia  are  westerly,  bringing 
vast  amounts  of  water  vapor  from  the  Pacific 


Fig.  21—1.  Rain  falls  when  warm  moist  air,  forced  to  rise  over  a mountain  range,  expands  and 
cools.  However,  the  air  gains  heat  from  the  condensation  of  the  water  vapor,  and  as  it  descends 
on  the  far  side  of  the  mountains,  it  is  warm  and  dry. 
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WHAT  IS  CLIMATE? 

Ocean.  'I’liis  moisture-laden  air  rises  in  flowing 
o\er  the  Rocky  Mountains.  In  rising,  it  cools 
so  that  much  of  its  water  vapor  condenses,  re- 
sulting in  a large  amount  of  rainfall  on  the 
western  slopes  of  the  mountains.  This  rain 
water  runs  into  the  \’allcys  of  British  Colum- 
bia, making  them  \’ery  fertile.  Indeed  these 
\allevs  are  among  the  most  fertile  regions  in 
Canada.  By  the  time  the  air  has  passed  to  the 
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over  the  Himalayas  in  northern  India  is  from 
the  north.  Since  the  area  from  which  it  blows 
is  ajargeji^ss  of  Jand,  this  wind  does  not  con- 
tain much  moisture  and  it  is  cool.  In  the  sum- 
mer, the  prevailing  wind  over  the  Himalayas 
is  from  the  opposite  direction;  it  comes  from 
the  south  and  brings  large  quantities  of  mois- 
ture from  the  Indian  Ocean.  It  is  a warm 
wind  and  makes  India  hot  and  humid  during 


Courtesy  National  Film  Board 


Fig.  21-2A.  Apple  orchards  in  the  fertile  Okanagan  Valley,  British  Columbia. 


eastern  slopes  of  the  mountains,  it  has  lost 
much  of  its  water  vapor.  Saskatchewan  and 
Alberta  are  therefore  dry.  An  extreme  exam- 
ple is  Death  Valley,  just  east  of  the  Sierra 
Nevada,  which  is  the  driest  and  hottest  place 
in  the  United  States. 

Monsoons.  The  rnomWJa  is  the  name  given 
originally  to  the  seasonal  prevailing  winds  in 
India.  During  the  winter,  the  prevailing  wind 


the  summer.  The  most  outstanding  feature  of 
this  summer  monsoon  is  the  large  amount  of 
rain  that  falls  on  the  southern  slopes  of  the 
Himalayas.  The  strong  moisture-laden  wind 
from  the  Indian  Ocean  blows  toward  the  high- 
est mountain  range  in  the  world.  The  result  is 
that  nearly  all  the  moisture  is  deposited  among 
the  foothills  of  the  southern  slopes  of  the 
Himalayas  as  the  air  is  forced  up  over  the 
mountains  .and  cooled.  It  rains  continuously 
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for  a whole  season,  and  the  heaviest  rainfall 
in  the  world — nearly  500  inches  a year— has 
been  recorded  there.  More  than  100  inches 
are  usually  recorded  during  each  of  the  months 
of  June,  July,  and  August. 

As  one  would  expect,  north  of  the  Hima- 
layas the  climate  is  hot  and  dry  in  summer  and 
cold  and  dry  in  winter.  In  this  region  is  the 
famous  Gobi  Desert. 


such  control  of  the  weather  sounds  rather  fan- 
tastic, but  progress  is  being  made  in  this  direc- 
tion. Some  familiar  accomplishments  repre- 
sent first  steps  in  the  control  of  the  weather. 
The  first  campfire  that  man  made  was  an  at- 
tempt to  change  the  effects  of  the  weather. 
The  first  attempts  at  irrigation  practiced  by 
the  ancient  Egyptians  were  efforts  to  moisten 
areas  in  which  there  was  no  rainfall.  These 


Courtesy  U.S.  National  Park  Service 
Fig.  21— 2B.  Death  Valley  in  southeastern  California. 


CONTROLLING  THE  WEATHER 

Meteorologists  and  physicists  sometimes 
dream  of  being  able  to  control  the  weather  so 
that  every  part  of  the  world  ipay  always  have 
good  weather.  If  the  arctic  and  antarctic  re- 
gions could  be  warmed  so  that  food  could  be 
grown  there,  or  if  the  tropical  areas  could  be 
tempered  in  their  heat  to  make  them  more 
livable,  many  of  the  problems  accompanying 
an  increasing  world  population  and  an  insuffi- 
cient food  supply  would  be  solved.  Today 


early  efforts  to  overcome  natural  deficiencies 
have  been  developed  to  the  efficient  heating 
and  air-conditioning  systems  of  modern  build- 
ings and  to  irrigation  projects  such  as  those  in 
the  Imperial  Valley  in  California. 

Weather  Control  in  Orchards.  Another 
form  of  weather  control  is  the  use  of  smudge 
pots  to  prevent  the  freezing  of  oranges  in  the 
orchards  of  Florida  and  California  during  a 
cold  wave.  At  night  when  the  weather  is  ab- 
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Medford  Commercial  Club,  Medford, 
Oregon,  from  U.S.  Weather  Bureau 

Fig.  21—3.  Smudge  pots  used  in  an  orchard  to 


protect  fruit  trees  from  frost. 

normally  cool  and  the  sky  clear,  the  smudge 
pots  are  put  out  in  the  orchards.  The  oil 
burned  in  these  pots  produces  large  amounts 


of  smoke.  This  smoke  forms  a cloud  over  the 
orchard  which  retains  the  heat  on  the  ground. 

In  some  orchards  freezing  temperatures 
close  to  the  ground  are  prevented  by  means  of 
large  electric  fans  placed  on  ladders  between 
the  trees.  These  fans  circulate  the  air  and  stir 
it  up,  so  that  the  air  near  the  cold  ground  is 
replaced  by  warmer  air  from  above.  By  these 
methods,  and  by  the  timely  warnings  from  the 
Weather  Bureau,  thousands  of  dollars’  worth 
of  citrus  fruit  are  saved  every  year. 

Fog  Dispersal.  Ever  since  the  early  days  of 
flying,  scientists  have  worked  on  methods  of 
dispersing  fog.  Several  methods  have  been 
used  with  some  success.  In  one  of  these,  large 
sound-generating  machines  are  set  up  along 
the  edge  of  a runway.  When  a plane  wishes  to 
land,  the  sound  generators  are  turned  on. 
They  produce  tremendous  amounts  of  sound 


Fly.  21—4.  This  15-mile  long,  3-mile  wide  L-shaped  hole,  roughly  twice  the  area  of  Manhattan 
Island,  New  York  City,  was  produced  in  a supercooled  or  icing  cloud  by  seeding  the  cloud  with 
dry-ice  pellets.  Since  such  a hole  is  free  of  dangerous  icing  conditions,  an  airplane  could 
descend  or  ascend  through  it  safely.  It  is  estimated  that  by  dry-ice  seeding  a plane  could, 
within  fifteen  minutes,  clear  a hole  large  enough  through  which  to  ascend  or  descend.  (The 
large  dark  area  at  the  right  is  the  tip  of  the  wing  of  the  plane  from  which  the  photograph 

was  taken.) 
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energy  of  a pitch  too  high  to  be  audible  to  the 
human  ear.  The  sound  vibrations  produced  in 
the  air  knock  the  fog  droplets  together  until 
they  form  drops  large  enough  to  fall  to  the 
ground  as  a light  rain,  leaving  the  runway  clear 
of  fog  until  the  plane  has  safely  landed. 

Making  Rain.  Rain  and  snow  have  been  pro- 
duced on  a fairly  large  scale  by  the  use  of  dry 

THINGS  TO 

Climate  is  the  average  weather  over  a period 
of  years. 

Smudge  pots  are  used  to  prevent  freezing  in 
orchards. 

Small  land  masses  surrounded  by  water  have 
a moist  climate. 

Large  land  masses  far  from  oceans  have  a dry 
climate. 
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ice.  In  one  method,  an  airplane  flies  through 
a dense  cloud  scattering  small  pellets  of  dry 
ice.  As  a result,  droplets  in  the  cloud  join  to 
form  large  drops  of  water  which  fall  to  earth. 
A few  pounds  of  dry,  ice  produce  many  tons 
oj_water  in  the  form  of  precipitation.  Silver 
iodide,  which  is  easier  to  handle  than  dry  ice, 
will  produce  the  same  effect. 

R E M E M B E 

A monsoon  is  a seasonal  prevailing  wind  that 
blows  from  one  direction  part  of  the  year  and 
from  the  opposite  direction  the  rest  of  the  year. 

Precipitation  can  be  started  by  scattering  such 
substances  as  dry  ice  or  silver  iodide  in  moisture- 
laden clouds. 


1. 


2. 

3. 

4. 

5. 


6. 


/ 
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QUESTIONS 


A 

Explain  the  difference  between  weather  and 
climate. 

What  is  a monsoon? 

Where  does  the  largest  and  most  famous 
monsoon  occur? 

Where  does  the  world’s  greatest  rainfall 
occur? 

What  are  smudge  pots  used  for? 

B 

How  do  mountains  cause  rain? 


7.  Describe  one  method  of  dispersing  fog. 

8.  How  may  precipitation  be  started  in  a cloud 
that  is  heavily  saturated  with  water  vapor? 

9.  Why  is  the  area  just  east  of  the  Sierra 
Nevada  so  dry? 

10.  Explain  the  causes  of  the  heavy  rains  in 
India.  Why  do  they  not  occur  in  winter? 

1 1 . What  has  caused  the  Gobi  Desert? 

12.  Why  does  it  never  become  very  hohor  very 
cold  in  Bermuda? 

13.  Why  is  it  very  hot  in  summer  and  very  cold 

in  winter  in  Saskatchewan?  ( 


REVIEW  QUESTIONS  ON  UNIT  4 


A 

Name  and  describe  three  kinds  of  clouds. 
What  is  an'isobar? 

Wind  is  the  result  of:  {a)  the  expansion 
of  ocean  water;  ( b ) the  motion  of  the  earth 
around  the  sun;  (c)  electricity  in  the  air; 
(d)  unequal  heating  of  the  earth’s  surface. 
Why  is  there  little  wind  in  the  doldrums? 
What  is  meant  by  the  term  dewpoint? 
Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
eorrectly  reword  the  false  ones. 

(a)  The  wet-bulb  temperature  is  always 
higher  than  the  dry-bulb  temperature. 


(b)  Monsoons  occur  only  in  India. 

(c)  Warm  air  pushes  back  cold  air,  form- 
ing a warm  front. 

(d)  An  aneroid  barometer  contains  mer- 
cury. 

(e)  An  anemometer  is  used  to  show  the 
direction  of  the  wind. 

'.  Match  each  word  in  the  left-hand  column 
with  the  word  it  is  most  closely  related  to 
in  the  right-hand  column, 
thunderstorms  .islands 

warm  front  \^fog 
tornado  ■^--....,,^y//^umuloni^  clouds 
moist  climate'^’^ — whirlpool  of  air 
dew  point  hazy  air 


wkat  is  climate? 


1/8, 


8.  Why  does  more  rain  usually  result  from  a 
warm  front  than  from  a cold  front? 


9.  Draw  and  label  a diagram  of  a warm  front. 

10.  Draw  and  label  a diagram  of  a cold  front. 
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1 1 . How  does  the  heat  of  condensation  supply 
energy  to:  {a)  a thunderstorm;  (b)  a hurri- 
cane? 

1 2.  Why  does  a hurricane  rapidly  die  out  when 
it  starts  moving  over  the  land? 

13.  What  is  an  occluded  front? 
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WHAT  IS  FIRE? 


Chapter  22 


One  important  reason  why  man  has  become 
supreme  on  the  earth  is  that  he  knows  how  to 
use  fire.  Indeed,  civilization  began  when  he 
learned  to  build  a fire.  With  fire,  primitive 
man  cooked  his  food,  made  weapons,  tools, 
and  other  articles,  protected  himself  against 
wild  animals,  and  generally  made  his  life  more 
comfortable. 

The  cause  of  fire,  however,  was  a complete 
mystery  to  him;  he  could  not  answer  the  ques- 
tion, What  is  fire?  He  was  therefore  super- 
stitious and  frightened.  When  a flash  of  light- 
ning started  a forest  fire  he  fled  in  terror 
believing  it  was  caused  by  an  angry  supernat- 
ural being,  a fire  god  intent  on  destroying  him. 
Many  primitive  tribes  worshiped  a fire  god, 
and  sometimes  they  tried  to  appease  him  by 
sacrifices.  The  ancient  Greeks  tried  to  answer 
the  question.  What  is  fire?  by  legend  or  fan- 
ciful stories.  They  believed  that  Prometheus, 

I a fire  god  and  a friend  of  mankind^  stol^ fire 
* from  heaven  and  gave  it  to  men. 

The  cause  of  fire  remained  a mystery  for 
many  centuries.  It  was  not  until  the  end  of 
; the  18th  century  that  Lavoisier,  a French 
I chemist,  found  the  explanation.  Lavoisier 

i spent  several  years  performing  many  scientific 
experiments  on  the  problem  of  fire.  His  ex- 
I planation  was  simple:  Fire  is  caused  by  a 
!|  chemical  reaction  between  the  burning  sub- 
stance  and  the  oxygen  of  the  air.  Since  Lavoi- 
sier's contribution  to  our  knowledge  of  fire  and 
burning  is  very  important,  we  shall  study  it  in 
some  detail.  Before  doing  so,  however,  let  us 


turn  back  a few  centuries  and  examine  some  of 
the  earlier  ideas. 

Development  of  Chemistry.  Chemistry  is 
one  of  the  oldest  sciences;  it  began  about  3000 
B.c.  For  centuries  it  made  little  progress.  Dur- 
ing the  Middle  Ages,  the  chemist  was  inter- 
ested mainly  in  converting  other  metals  to 
gold.  The  foundations  of  modern  chemistry 
were  laid  in  the  17th  and  18th  centuries.  In 
the  19th  and  20th  centuries  chemistry  has 
made  astonishingly  rapid  advances. 

Why  were  the  foundations  so  long  in  being 
laid?  Why  has  modern  chemistry  developed 
so  rapidly?  The  early  history  of  chemistry  is, 
for  the  most  part,  a story  of  progress  resulting 
from  trial  and  error.  There  were  few  scientific 
theories  to  guide  the  experimenters.  After  cen- 
turies of  effort,  chemists  learned  the  scientific 
m^hgd.  Since  this  method  has  been  in  use, 
chemistry  has  advanced  rapidly. 

Early  Egypt-ian  Chemistry.  The  early  Egyp- 
tians were  practical  people  who  wanted  scien- 
tific knowledge  because  it  gave  them  power 
and  wealth. 

Gold  was  found  in  Egypt,  and  as  early  as 
3000  B.c.  the  Egyptians  were  expert  gold- 
smiths. They  were  skilled  in  getting  copper 
and  lead  from  their  ores.  They  were  experts 
in  glassmaking;  in  tanning;  in  embalming 
bodies;  and  in  extracting  dyes,  oils,  and  drugs 
from  plants.  They  discovered  the  beneficial 
and  harmful  properties  of  many  drugs,  and 
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Fig.  22—1 . The  Egyptians  were  skilled  metallurgists. 


this  knowledge  they  passed  on  from  genera- 
tion to  generation. 

Egyptian  chemists  were  either  priests  or 
temple  workmen.  Their  laboratories  were  in 
the  temples.  The  priest-physicians  were  also 
magicians,  and  the  practice  of  medicine  was 
accompanied  by  charms  and  chants.  Chemis- 
try did  not  rid  itself  of  this  Egyptian  mysti- 
cism until  the  end  of  the  17th  century. 

The  Greek  Philosophers.  The  Greeks  were 
not  mystics  like  the  Egyptians.  They  looked 
for  logical  explanations  of  natural  phenom- 
ena. Some  of  their  conclusions  were  incorrect, 


WET 


Fig.  22—2.  The  four  fundamental  elements  accord- 
ing to  Aristotle  were  earth,  air,  fire,  and  water. 


but  many  of  their  errors  might  have  been  dis- 
covered if  their  theories  had  been  tested  by 
experiments. 

Perhaps  the  greatest  of  the  Greek  philoso- 
phers was  Aristotle  (384-322  b.c.).  He  was 
the  first  great  man  of  science.  Aristotle  be- 
lieved that  all  substances  came  from  one  origi- 
nal “seed,”  and  that  the  “seed”  could  be  made 
to  produce  a variety  of  substances.  As  we  shall 
see,  modern  scientists  have  a similar  belief,  but 
Aristotle  went  further  with  his  theory  when  he 
said  that  one  substance  could  be  changed  into 
another  by  varying  the  proportions  of  the  “ele- 
ments” in  the  substance — a process  known  as 
transmutation. 

What  were  these  “elements”?  Aristotle  be- 
lieved that  all  matter  was  made  up  of  four 
elements— ^th,  an,  fi^  and  \yater.  These 
“elements”  determined  the  four  fundamental 
properties  of  all  substances— hotness,  coldness, 
dryness,  and  wetness.  Water  is  cold  and  wet: 
earth  is  cold  and  dry:  fire  is  hot  and  dry;  air 
is  hot  ^nd  wet.  This  concept  of  an  element 
has  long  since  been  discarded.  But  it  survives 
in  an  old  phrase,  “the  fury  of  the  elements.” 

Although  often  incorrect,  the  Greek  ideas 
influenced  scientists  for  centuries.  Indeed,  the 
idea  of  transmutation  was  accepted  by  chem- 
ists for  more  than  a thousand  years,  until  the 
end  of  the  17th  century. 
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Science  in  the  Moslem  Empire.  When  the 
early  Romans  defeated  the  Greeks  and  ex- 
tended their  empire  into  Egypt,  many  Greek 
and  Eg}'ptian  scholars  fled  to  Persia  and  Syria, 
where  they  continued  their  scientific  work. 
Then,  in  the  7th  century  came  the  rise  of  the 
Arg]}s,_  inspired  by  their  prophet  Mohammed. 
The  Arabs  overran  Egypt,  Persia,  and  Syria, 
and  then  spread  westward  through  North 
Africa  and  into  Spain.  The  Arabs  encouraged 
the  scholars  to  continue  their  scientific  stud- 
ies, and  some  notable  advances  were  made. 
Bronze,  silver,  copper,  and  iron  came  into  use 
as  common  metals;  nitric  and  sulfuric  acids 
were  discovered;  and  even  papermaking  was 
developed  to  a high  degree. 

One  very  important  result  of  the  Moslem 
invasion  was  that  the  ''chemical  art”  was 
broughFEo  Europe.  The  Moors  founded  the 
Uniye^ity  of  Gordova,  i^n  Spain,  in  ^e  8th 
century.  Scholars  from  Engird,  France,  and 
Germany  were  attracted  to  this  school.  They 
stimulated  a wide  interest  in  the  science  which 
in  medieval  times  developed  into  dct^iny. 

f Alchemy.;  The  European  alchemists  were 
influenced  by  the  religious  ideas  of  the  Egyp- 
tians and  by  the  transmutation  theory  of  the 
Greeks.  Their  beliefs  show  that  they  were  not 
scientists.  They  believed  that  nature  was  sim- 
ple and  that  all  natural  processes  moved  to- 
ward perfection.  Man,  for  example,  strove 
toward  perfection;  a seed  gained  perfection  in 
: the  plant.  Similarly,  a metal  strove  toward 
perfection.  Gold,  they  argued,  is  the  perfect 
^ metal.  It  does  not  tarnish  in  air,  and  it  is  not 
[ affected  by  acids  as  other  metals  are.  Gold  is 
^ thejaQbJeJaetal;  other  metals  are  base.  The 
alchemists  believed  that. the.  diflEerenees-be- 
' t\yeen  metals,  were  due  only  to  maturity  or  age. 
[ They  tried,  therefore  to  hasten  the  slow  proc- 
i ess  of  nature  and  convert  base  metals  into 
gold. 

They  believed  that  a seed  had  a body  and  a 
spirit  and  that  a metal  must  also  have  a body 
and  a spirit.  The  body  of  the  seed  must  be 


destroyed  before  it  can  bring  forth  the  plant; 
so,  they  said,  a base  metal  must  be  destroyed 
before  it  can  yield  the  perfect  metal,  gold. 

How  can  metals  be  destroyed?  Their  an- 
swer was,  “By  fire.”  But  the  alchemists  also 
beliexed  in  a powerful  transmuting  agent 
which  they  called  the  fpliilosophers'  stone.  No 
one  had  seen  this  stone,  but  the  magic  sub- 
stance was  believed  to  be  a fine  powder. 

In  their  search  for  the  philosophers’  stone, 
they  heated  and  distilled  eggs,  bones,  plant  ex- 
tracts, and  animal  excretions,  often  with  min- 
erals or  base  metals.  The  method  of  heating 
was  extremely  important.  Once  begun,  the 
heating  must  be  continued  without  interrup- 
tion. Some  alchemists  heated  their  concoc- 
tions for  seven  days  (the  biblical  time  re- 
quired to  create  the  world),  others  for  forty 
days,  but  the  more  zealous  ones  heated  them 
for  a year  and  a half.  The  shape  of  the  vessel, 
too,  was  supposed  to  have  a subtle  influence 
on  the  heated  substances.  The  most  popular 
apparatus  was  a philosophers’  egg,  an  egg- 
shaped  crucible  which  was  the  symbol  of  the 
creation  of  new  life. 

During  the  16th  and  17th  centuries  many 
people  were  engaged  in  the  futile  search  foi 
the  philosophers’  stone  and  gold.  Kings  had 
their  alchemists  in  laboratories  near  their  pal 
aces;  serfs  used  cellars  and  caves  as  laborato- 
ries. In  their  dismal  dens  the  alchemists  toiled 
continuously,  sweating  day  and  night  at  then 
furnaces.  The  picture  on  page  200  shows  a 
weary  alchemist  sleeping  by  his  unfinished 
notes  as  the  morning  light  streams  into  his 
cellar  laboratory.  The  alchemists  continued 
their  search  for  many  centuries,  but  they 
neither  converted  base  metals  into  gold  nor 
discovered  the  philosophers’  stone.  Theirs  was 
the  longest  futile  search  in  scientific  history. 

Why  was  the  alchemist’s  search  so  fruitless? 
The  alchemist  used  methods  that  we_i£_Lin- 
scientific.  He  made  assumptions,  which  he 
never  questioned,  about  the  simplicity  of  na- 
ture  and  the  tendency  of  all  things  to  move 

toward  perfection.  All  his  work  was  founded 
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on  these  false  assumptions,  so  that  he  made  no 
progress.  In  the  end  he  became  discouraged, 
but  he  eventually  learned  the  most  important 
precaution  that  a scientist  must  take:  Verijy 
by  experiment  the  assumptions  onjfljbiicli-the 
investigation  is  based. 

The  Phlogiston  Theory.  The  first  chemical 
hvipothesis,  or  theory,  called  the  Mo^iston 
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Egyptians  and  Syrians  as  early  as  1500  b.c. 
These  early  experimenters  knew  that 

iron  “earth”  + charcoal  iron  metal 

In  looking  for  a theory  to  explain  this  metal- 
winning process,  scientists  argued  somewhat 
as  follows:  The  earthy  material  (which  was 
called  a calx)  obtained  from  nature  is  “sim- 


Elihu  Vedder,  Courtesy  of  the  Brooklyn  Museum 

Fig.  22-3.  The  alchemist. 


the()iy.  came  at  the  end  of  the  17th  century. 
Fire,  to  the  ancients,  had  always  been  impres- 
sive and  mysterious,  and  it  was  natural  that 
the  first  chemical  theory  should  be  an  attempt 
to  explain  burning,  or  combustion.  During 
the  Middle  Ages  it  was  known  that  some  met- 
als could  be  “won”  from  their  ores  simply  by 
heating  an  “earth”  (which  today  we  call  an 
ore  or  an  oxide)  withjcharcoal.  The  extrac- 
tion of  iron  from  ore  had  been  known  to  the 


pleF’  than  the  metal  made  by  mam  There- 
fore, when  the  metal  is  formed,  something 
must  be  added  to  the  calx.  This  “something” 
they  called  phlogiston. 

In  other  words,  their  “explanation”  of  the 
metal-winning  process  was 

calx  -f  phlogiston  ->  metal 

No  one  had  seen  phlogiston;  it  was  an  elusive 
substance.  However,  the  early  scientists  be* 
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lieved  that  substances  like  oil,  charcoal,  and 
sulfur  were  rich  in /iphlogiston  because  they 
burn  easily.  Since  oliarcoal  is  rich  in  phlogis- 
ton, they  continued,  it  will  give  up  phlogiston 
to  a calx  and  so  form  a metal; 

calx  -f  phlogiston  from  charcoal  metal 

On  the  other  hand,  they  said,  when  metals 
'‘burn,''  a calx  is  formed  and  phlogiston  es- 
capes: 

metal  calx  + phlogiston 

This  theory  was  confirmed  by  experiments. 
For  example,  when  the  metal  copper  was 
heated,  a black  powder — the  calx  of  copper — 
was  formed: 

copper  calx  of  copper  + phlogiston 

When  the  calx  was  heated  with  charcoal,  the 
metal  was  again  obtained: 

calx  of  copper  -f  phlogiston  — > copper 

Let  us  perform  the  same  experiments. 

Demonstration  22-1.  To  Form  Copper  Calx. 

Hold  a piece  of  copper  foil  by  a pair  of  tongs 
and  place  it  just  above  a small  Bunsen  flame. 
Notice  that  the  foil  turns  dark.  After  it  has 
cooled,  scrape  it  with  a knife  to  show  that  the 
black  calx  can  easily  be  removed. 

Demonstration  22-2.  To  Form  Copper  from  Copper  Calx. 

Thoroughly  mix  5 grams  of  copper  calx  (cop- 
per oxide)  and  0.4  gram  of  activated  charcoal. 
Pour  the  mixture  into  a dry  test  tube.  Support 
the  tube  on  a stand  and  heat  the  mixture  strongly 
by  a Bunsen  flame.  Eventually  the  mixture  be- 
gins to  glow.  Then  discontinue  the  heating. 
When  the  test  tube  has  cooled,  notice  that  the 
black  powders  have  changed  to  a dark  red  pow- 
der, which  is  copper. 

The  phlogistonists  appeared  to  be  on  the 
right  track,  for  their  theory  had  been  con- 
firmed, in  part  at  least,  by  experiment.  If,  as 
the  theory  states,  a metal  loses  phlogiston  in 
forming  the  calx,  we  would  expect  the  calx  to 
weigh  less  than  the  metal.  Let  us  test  the 
theory  by  weighing  the  metal  and  the  calx. 
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Demonsfrafion  22-3.  To  Show  That  Iron  increases  in 
Weight  in  Forming  the  Calx. 

Place  some  reduced  powdered  iron  (about  5 
grams)  in  an  evaporating  dish.  Weigh  the  dish. 
Place  the  dish  on  a tripod  or  stand  and  heat  it 
for  about  two  minutes.  When  it  is  cool,  weigh 
it  again.  Notice  the  marked  increase  in  weight 


F'ailure  to  account  for  the  fact  that  a metal 
gains^eight  when  it  is  burned  was  a serious 
flaw  in  the  phlogiston  theory.  Some  support- 
ers of  the  theory  tried  to  explain  the  increase 
in  weight  by  stating  that  phlogiston  was  a 
peculiar  substance  that  had  a negative  weight. 
Thus_the  escape  of  phlogiston  in  burning 
would  account  for  the  it^rease  in  the  weight 
of  tb^metal. 

The  phlogiston  theory  was  not  borne  out  by 
all  experimental  facts  and  was  there^re  re- 
placed by  a better  one.  Other  theories  have 
suffered  a similar  fate.  Unless  a theory  can  be 
modified  to  explain  new  facts  as  they  are 
learned,  it  must  be  rejected. 

Lavoisier's  Theory  of  Combustion.  Living 
in  the  18th  century,  the  French  scientist 
Lavoisier  inherited  the  phlogiston  theory  from 
earlier  scientists,  but  he  did  not  accept  it.  The 
phlogiston  theory  assumed  that  burning  was 
due  to  something  within  a substance  that  was 
expelled  when  the  substance  was  burning. 
Lavoisier,  however,  believed  that  air  had  some- 
thing to  do  with  burning;  that  when  a sub- 
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stance  burned  something  was  added  to  it,  not 
removed  from  it.  What  experimental  evi- 
dence had  Lavoisier  to  support  his  ideas? 


Fig.  22—5.  Antoine  Laurent  Lavoisier  (1743—1794), 
tFie  founder  of  rriodern  chemistry. 


Lavoisier  put  some  mercury  into  a retort  the 
neck  of  which  was  bent  so  that  there  was  free 
access  to  the  air  in  a bell  jar  which  was  sup- 
ported in  a trough  of  mercury.  He  then 
heated  the  retort  over  a slow  charcoal  fire, 
as  shown  in  Fig.  22-6.  A red  calx  of  mercury 
began  to  form  in  the  retort  and  at  the  same 
time  the  mercury  in  the  bell  jar  began  to  rise. 
At  the  end  of  twelve  days  the  mercury  stopped 
rising  in  the  bell  jar  and  about  one-fifth  of  the 
air  had  been  removed  from  it.  Lavoisier  eon- 
eluded  that  the  reaetion  was  eompleted. 

What  had  taken  plaee?  Lavoisier  said  that 
some  of  the  mereury  in  the  retort  had 
“burned”  beeause  it  had  eombined  with  the 
aetive  gas  in  the  air,  which  he  later  called 
oxygen,  to  form  a calx  or  oxide  of  mercury: 


Fig.  22—6.  Lavoisier  heated  mercury  on  a slow 
charcoal  furnace. 

mercury  + oxygen  mercury  calx 

or  mercury  oxide 

This  was  a revolutionary  idea.  There  was  no 
mention  of  phlogiston;  instead,  oxygen  was  the 
essential  element  in  combustion,  or  burning. 
How  could  Lavoisier  prove  this?  His  experi- 
ment was  certainly  incomplete;  more  evidence 
was  needed  to  support  his  theory.  Was  it  pos- 
sible, for  instance,  to  recover  the  “lost”  oxygen 
and  show  that  its  volume  was  the  same  as  that 
of  the  gas  which  had  been  removed  from  the 


Fig.  22—7.  Lavoisier  decomposed  mercury  calx  by 
the  sun's  heat. 


retort?  With  this  question  in  mind,  Lavoisier 
devised  the  following  experiment  to  recover 
this  “lost”  oxygen. 
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He  arranged  the  apparatus  as  shown  in  Fig. 
22-7.  Liq^ind  niercim’  was  poured  into  a dish 
and  the  calx  supported  on  the  surface  of  iner- 
cm:y  i]i_an  inx'erted  g.lass.  vessel  from  which 
most  of  tire  ai£had  been  removed.  The  sun’s 
rays  were  then  concentrated  upon  the  calx  of 
mercim^  bv  means  of  a lens,  or  burning  glass  as 
it  was  called.  The  result  was  that  the  mercur)^ 
calx  was  decomposed  to  form  mercury  and  a 


With  this  experiment  Lavoisier  completed  his 
investigation.  Singlehanded  he  had  disproved 
the  phlogiston  theory  and  replaced  it  with  the 
modern  theory  of  combustion.  Many  of  the 
scientists  of  his  day  were  too  conservative  to 
accept  the  new  ideas  and  clung  to  the  old 
phlogiston  theory.  Lavoisier,  however,  had 
started  a revolution  in  scientific  procedure. 

You  will  recall  that  the  increase  in  weight 


Fig.  22—8.  The  arrest  of  Lavoisier. 


gas.  The  volume  of  the  gas  was  the  same  as 
the  volume  of  the  gas  that  had  been  removed 
from  the  retort  in  the  earlier  experiment. 
Moreover,  this  gas  strongly  supported  burn- 
ing. A candle,  for  instance,  burned  much 
more  intensely  in  this  gas  than  in  air.  Lavoi- 
sier therefore  concluded  that 

mercury  calx  (or  mercury  oxide)  — > mercury 

+ oxygen 


that  always  accompanies  the  change  from  the 
metal  to  the  calx  could  not  be  explained  by  the 
phlogistonists.  It  is  easily  explained  by  Lavoi- 
sier’s theory.  Can  you  give  this  explanation  of 
the  increase  in  weight? 

Modern  chemistry  began  with  the  work  of 
Lavoisier.  Lavoisier  is  regarded  as  one  of  the 
world’s  greatest  chemists.  Unfortunately  he 
was  a victim  of  the  French  Revolution,  which 
followed  the  American  Revolution  by  a few 
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years.  An  aristocrat,  he  was  charged  with  col- 
lecting illegal  taxes  from  the  French  people. 
Although  it  was  pointed  out  at  his  trial  that 
he  was  a famous  scientist  and  should  be 
spared,  the  president  of  the  court  replied, 
“Nous  n’avons  pas  besoin  de  savants”  (“We 
have  no  need  of  scholars” ) . 

THINGS  TO 

The  early  Egyptians  were  interested  not  in 
chemical  theory  but  only  in  technical  applica- 
tions. 

Aristotle  was  the  greatest  of  the  Greek  philoso- 
phers. He  believed  that  there  were  only  four 
elements — earth,  fire,  water,  and  air. 

Transmutation  is  the  process  of  changing  one 
element  to  another. 

The  Moslems  brought  the  “chemical  art”  to 
Europe.  They  founded  the  University  of  Cor- 
dova in  Spain. 
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Lavoisier  was  executed  by  the  guillotine, 
and  his  body  was  dumped  into  an  unmarked 
grave.  A fellow  scientist  named  Lagrange  bit- 
terly remarked,  “It  required  but  a moment  to 
cut  off  his  head  and  perhaps  a hundred  years 
will  not  produce  another  like  it.”  Time  has 
proved  this  to  be  a prophetic  remark. 

REMEMBER 

The  alchemists  tried  to  convert  base  metals 
into  gold. 

The  phlogiston  theory  tried  to  explain  burning. 
It  was  discarded  because  it  could  not  explain  all 
the  experimental  facts. 

Lavoisier  gave  the  modern  explanation  of  com- 
bustion, or  burning.  He  stated  that  when  a sub- 
stance burns  it  combines  chemically  with  the 
oxygen  of  the  air. 


QUESTIONS 

A Write,  in  your  own  words,  Lavoisier's  ex- 

planation of  combustion. 

B 

State  some  of  the  scientific  ideas  of  Aristotle. 
Explain  why  the  alchemists  failed  to  achieve 
any  positive  results. 

By  what  experimental  evidence  did  Lavoisier 
support  his  explanation  of  combustion?  Ex- 
plain. 

PROJECT 

Obtaining  Oxygen  from  Mercury  Calx  or  Oxide.  ing  the  presence  of  oxygen.  If  the  heating  is  con- 

Place  a little  red  calx  of  mercury  in  a test  tube.  tinued,  the  calx  disappears  altogether.  Where 

Clamp  the  tube  to  a stand  and  heat  the  bottom  does  the  mercury  come  from?  "NATiere  does  the 

of  the  tube  with  a small  Bunsen  flame.  At  first  oxygen  come  from?  Is  mercury  calx  a compound 

the  oxide  turns  black  and  then  mercury  vapor  or  an  element?  Why  does  the  mercury  vapor 

condenses  on  the  side  of  the  tube.  Hold  a glow-  condense?  Could  the  phlogistonists  have  ex- 

ing  splint  of  wood  just  inside  the  test  tube.  The  plained  the  escape  of  oxygen  from  mercury  calx? 

end  of  the  splint  should  burst  into  flame,  prov- 


(Ji  Wlio  were:  (a)  Mohammed;  (b)  Aristotle; 

(c)  Lavoisier;  (d)  Prometheus? 

(i  Approximately  when  did  the  following  scien- 

tists  live:  {a)  Anstqtle;  (b)  Lavoisier ?^ ' I 6. 
(J.  State  the  meaning  rnl^ie  following:  {a)  calx;  7. 
(b)  phlogiston;  (c)  noble  rqetal;  (d)  philoso- 
phers'  stone.  ^ 8, 

(4,-  Tell  why  the  phlogiston  theory  was:  [a)  pro- 
posed; (b)  discarded. 
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Chapter  23 


According  to  Lavoisier,  combustion,  or 
burning,  is  a chemical  reaction  between  a com- 
bustible substance  and  oxygen.  This  type  of 
reaction  is  called  oxidation.  Before  discussing 
oxidation,  however,  you  must  understand  the 
terms  chemical  reaction,  combustible  sub- 
stance, and  oxygen. 

A Chemical  Reaction.  We  have  already  used 
the  term  chemical  reaction  several  times  with- 
out defining  it.  What,  exactly,  is  meant  by 
this  term?  A chemical  reaction  or  a chemical 
change  takes  place  either  when  two  substances 
combine  to  form  a compound— combination, 
or  when  a compound  is  decomposed  into  sim- 
pler substances — decomposition. 

The  iron-sulfur  ration  described  on  page 
20  is  an  example  of  combination.  Several 
: other  observations  could  have  been  made  at 
that  time.  We  shall  therefore  repeat  the  ex- 
periment, this  time  using  zinc  and  sulfur. 

Demonstration  23-1.  A Chemical  Reaction  between  Zinc 
and  Sulfur. 

Prepare  a mixture  of  powdered  zine  and  pow- 
1 dered  sulfur,  using  6 grams  of  zinc  and  3 grams 
1 of  sulfur.  After  you  have  thoroughly  mixed  the 

I ingredients,  pour  the  mixture  on  an  asbestos  sheet 
supported  on  a tripod.  Heat  the  mixture  with 
a flame,  removing  the  flame  as  soon  as  the  reac- 
tion starts.  Notice  that  a great  deal  of  heat  is 
I liberated  as  the  reaction  proceeds. 

This  is  a combination  type  of  reaction  in 
! which  the  elements  zinc  and  sulfur  have  com- 
bined to  form  a compound  called  zinc  sulfide. 


The  chemical  change  can  be  represented  by 
the  equation: 

zinc  + sulfur  zinc  sulfide  + heat 
Or,  using  symbols: 

Zn  + S ^ ZnS 

Most  chemical  reactions,  though  not  all,  re- 
sult in  the  liberation  of  heat.  In  this  case  so 
much  heat  is  released  that  the  mixture  be- 
comes red-hot. 

Another  thing  to  notice  is  that  the  zinc  pow- 
der is  gray  and  the  sulfur  is  yellow.  The  zinc 
sulfide  is  yellow  when  hot  and  white  when 
cold.  When  a chemical  change  takes  place, 
entirely  different  substances  are  formed. 

Sulfur  combines  readily  with  zinc  and  iron. 
Indeed,  sulfur  combines  with  all  metals  except 
gold.  The  “resistance”  of  gold  to  sulfur  was 
one  reason  why  the  alchemists  regarded  gold 
as  the  perfect  metal. 

Oxygen.  We  now  are  going  to  observe  some 
reactions  between  oxygen  and  other  sub- 
stances, that  is,  combustion.  Oxygen  is  pres- 
ent in  the  air,  but  only  20  percent  of  the  air 
is  oxygen.  If  we  wish  to  obtain  pure  oxygen, 
we  must  prepare  it  by  chemical  means.  The 
simplest  method  of  doing  this  is  to  get  it  from 
a compound  called  potassium  chlorate.  When 
potassium  chlorate  is  heated,  it  decomposes 
and  oxygen  is  released.  A chemical  reaction 
of  this  kind  is  called  a decomposition  reaction. 
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In  practice  a black  powder  called  manga- 
nese dioxide  is  mixed  with  the  potassium 
chlorate  in  order  to  decompose  the  latter  more 
easily.  A substance  like  manganese  dioxide, 
which  speeds  the  reaction  but  is  itself  not  af- 
fected chemically,  is  called  a catalyst^ 

Demonstration  23-2.  Preparation  of  Oxygen. 

Place  a mixture  of  4 grams  of  potassium  chlo- 
rate and  2 grams  of  manganese  dioxide  in  a test 
tube,  and  arrange  the  apparatus  as  shown  in 
Fig.  23-1.  Force  one  end  of  a bent  glass  tube 
through  a stopper  and  insert  the  stopper  in 
the  test  tube,  dipping  the  other  end  of  the  tube 
under  water  in  a trough.  Fill  two  bottles  with 
water,  elose  them  with  glass  covers,  and  invert 


Fig.  23—1 . Preparation  of  oxygen. 


them  under  water  in  the  trough.  Remove  the 
glass  covers.  • 

Heat  the  mixture  with  a small  flame.  After  the 
first  few  bubbles  have  escaped,  place  the  outlet 
of  the  tube  under  one  of  the  bottles  and  eollect 
the  gas,  which  is  oxygen.  When  the  water  in 
the  bottle  has  been  displaced,  close  the  bottle 
with  the  cover,  lift  it  out  of  the  water,  and  stand 
it  upright  on  the  bench.  Now  fill  the  other 
bottle  with  oxygen  in  the  same  way. 

Combustible  Materials.  Combustible  ma- 
terials may  be  solids,  such  as  coal,  wood,  phos- 
phorus, and  even  sulfur;  liquids,  such  as  gaso- 
line, kerosene,  and  alcohol;  or  gases,  sueh  as 
hydrogen,  acetylene,  and  coal  gas.  First  we 
shall  burn  two  of  these  solids,  sulfur  and  phos- 
phorus, in  the  bottles  of  oxygen  we  have  pre- 
pared. 
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Demonstration  23-3.  The  Burning  of  Sulfur  and 
Phosphorus  in  Oxygen. 

Place  a little  sulfur  in  a eombustion  spoon 
and  heat  the  sulfur  until  it  burns.  Notiee  the 
blue  flame.  Now  remove  the  cover  from  one  of 
the  bottles  and  plunge  the  burning  sulfur  into 
oxygen.  The  sulfur  burns 
mueh  more  intensely  in  oxy- 
gen than  in  air. 

Caution:  Molten  sulfur 
causes  painful  burns.  To  pre- 
vent an  aecident,  therefore, 
after  the  burning  stops,  plunge 
the  hot  spoon  with  the  re- 
maining sulfur  into  the  trough 
of  water. 

Now  repeat  the  experiment 
using  red  phosphorus  instead 
of  sulfur.  Notice  again  that 
the  red  phosphorus  bums 
much  more  intensely  in  oxy- 
gen than  in  air.  Moreover, 
the  substance  formed  is  a 
white  powder. 

W]heiL..a.-Substance  burns 
ail  -oxide — is_ 
formed.  An  oxide  is  a com- 
pound  of  oxygen  and  an- 

... . other  element.  In  the  first 

sulfur  in  a combus-  case,  an  oxide  of  sulfur, 
tion  spoon.  called  sulfur  dioxide,  is 
formed;  in  the  second,  an 
oxide  of  phosphorus,  phosphoric  oxide  is 
formed.  These  reactions  are  examples  of  oxi- 
dation, oxygen  being  the  oxidizer. 

The  reaetion  between  oxygen  and  sulfur  can 
be  shown  by  the  equation: 

sulfur  + oxygen  sulfur  dioxide 
Or,  in  symbols: 

S + O2  — > SO2 

The  subscript  2 after  the  symbol  for  oxygen 
means  that  the  oxygen  molecule  eontains  two 
atoms  of  oxygen. 

Caution:  Sulfur  dioxide  is  a pungent  gas. 
Do  not  inhale  it. 

In  both  experiments  a great  deal  of  heat  is 
given  out,  as  is  proved  by  the  flame.  The  heat 
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evolved  is  often  included  in  the  equation  of 
the  reaction; 


phosphorus  + oxygen  phosphoric  oxide  + 
heat 


Or,  in  svnibols:  .. 

P + O2  ^ P2O5  + heat 

Wdien  pure  oxygen  is  used,  the  combustible 
. substance  has  fi\'e  times  as  many  oxygen  mole- 
cules to  combine  with  as  it  would  have  in  the 
same  volume  of  air,  for  the  air  is  only  one-fifth 
oxygen.  The  burning  is  therefore  more  in- 
tense. For  this  reason,  oxygen,  not  air,  is  used 
when  a flame  of  very  high  temperature  is 
needed.  Acetylene,  for  example,  will  combine 
with  oxygen,  and  the  resulting  flame  is  so  hot 
that  it  can  be  used  for  cutting  metals  (see  page 
256). 

Hydrogen.  Hydrogen  can  easily  be  obtained 
by  decomposing  acids,  such  as  hydrochloric 
acid  and  sulfuric  acid.  All  acids  are  com- 
pounds containing  hydrogen.  If  they  are  de- 
composed by  a metal  such  as  zinc,  hydro- 
gen gas  is  liberated.  As  already  stated  in 
Chapter  3,  hydrogen  is  the  lightest  gas.  It  is 
also  an  important  fuel  gas,  as  can  be  proved  by 
collecting  a bottleful  and  burning  it. 

i Demonstration  23-4.  Preparation  and  Burning  of 
Hydrogen. 

i Place  some  pieces  of  zinc  in  a bottle  or  genera- 
‘ tor.  Fit  up  the  apparatus  as  shown  in  Fig.  23-3. 

Pour  enough  dilute  sulfuric  acid  down  the  thistle 
^tube  to  cover  the  zinc. 

I dil.  sulfuric 
i,  acid  and 
zinc ► 

I:  Fig.  23—3.  Preparation  of  hydrogen. 

I 

' The  first  bubbles  to  escape  from  the  generator 
are  a mixture  of  air  and  hydrogen.  Caution: 
I This  is  an  explosive  mixture  and  should  be 


hydrogen,, 
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handled  with  care.  Do  not  collect  the  gas  in  the 
bottle  until  all  traces  of  air  have  been  removed. 
As  a safety  test,  first  fill  a test  tube  with  water 
and  collect  a tubeful  of  escaping  gas  by  dis- 
placing the  water.  Hold  the  mouth  of  the  tube 
downward,  with  the  open  end  near  a Bunsen 
flame,  as  shown  in  Fig.  23-4.  A loud  pop  shows 
that  air  is  being  mixed  with  the  hydrogen.  Re- 
peat this  test  until  there  is  only  a gentle  pop.  It 
is  then  safe  to  proceed. 

Now  collect  a bottle  of  hydrogen.  When  all 
the  water  has  been  displaced,  raise  the  bottle. 


Fig.  23—4.  The  safety  test  for  hydrogen. 


mouth  down,  with  one  hand  and  at  the  same 
time  thrust  a burning  taper  well  into  the  bottle 
with  the  other  hand. 

Notice  that  the  hydrogen  burns  at  the 
mouth  of  the  bottle,  but  that  the  burning 
taper  is  extinguished  by  the  hydrogen  in  the 
bottle.  In  other  words,  we  may  state  that 
hydrogen  burns,  but,  unlike  oxygen,  it  does 
not  support  burning. 

The  Hydrogen  Flame.  If  a stream  of  hydro- 
gen is  forced  through  a narrow  opening  or  jet. 
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it  will  burn  with  a steady  dark  blue  flame.  A 
flame  is  always  a sign  of  a chemical  reaction. 
In  this  experiment  it  is  a reaction  between 
hydrogen  and  the  oxygen  of  the  air.  Expressed 
as  an  equation,  the  reaction  is 

hydrogen  + oxygen  — > hydrogen  oxide  + heat 

or 


2Ho  + 02^  2H2O 

The  number  2 placed  before  the  hydrogen 
symbol  means  that  two  hydrogen  molecules 
take  part  in  the  reaction.  The  formula  2H2 


rig.  23—5.  Water  vapor,  formed  in  the  hydrogen 
flame,  condenses  inside  the  test  tube. 

represents  four  atoms  of  hydrogen,  whereas  O2 
represents  two  atoms  of  oxygen.  The  formula 
2H2O  represents  a total  of  six  atoms. 

'^’he  common  name  for  hydrogen  oxide  is 
w^ter  vapor.  Wafer  vapor  Is  a product  of  corji- 
bustion,  and  it  escapes  into  the  air. 

Demonstration  23-5.  The  Hydrogen  Flame. 

Disconnect  the  glass  delivery  tube  at  the  rub- 
ber connector  and  in  its  place  attach  a glass  jet. 
After  making  certain  that  there  is  no  air  in  the 
generator,  light  the  escaping  hydrogen.  Allow 
the  flame  to  burn  just  inside  a dry  test  tube  as 
shown  in  Fig.  23-5.  The  droplets  of  water  that 
collect  on  the  inside  wall  of  the  tube  prove  that 
water  vapor  is  formed  in  the  hydrogen  flame. 


fringe  surrounding  the  white  zone,  visible  near 
the  base. 

The  dark  central  zone  consists  of  unburned 
paraffin  vapor.  The  vapor  is  unburned  because 
the  oxygen  of  the  air  does  not  enter  this  re- 
gion. It  is  easy  to  show  that  there  is  no  burn- 
ing in  the  central  zone.  If  a matchstick  is  held 
in  the  flame  for  a second  and  then  withdrawn, 
in  the  central  portion  the  wood  remains  un- 
burned, but  on  either  side  of  this  area  the 
match  is  charred  by  the  flame. 

The  luminous  zone  is  caused  by  white-hot 
minute  particles  of  carbon.  The  equation  for 
the  reaction  in  this  portion  of  the  flame  is: 

paraffin  or  hydrocarbon  + oxygen  water 
vapor  + carbon  + heat 
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A Candle  Flame.  A candle  is  made  of  par- 
affir\,jKax,^Miich  is  a mixture  of  hydrocarbons. 
A (fvydrocarbo^.  is  a compound  of  hydrogen 
and  carbon.  A wick  or  cotton  thread  runs 
through  the  center  of  the  candle.  The  wick 
acts  as  a pipeline  to  convey  the  molten  paraffin 
wax  from  the  top  of  the  candle  into  the  flame, 
where  it  vaporizes  and  burns.  A candle  flame, 
as  shown  in  Fig.  23-6,  consists  of  three  zones: 

(1)  a dark  central  zone  around  the  wick, 

( 2 ) a large  white  luminous  zone  that  supplies 
the  light,  and  (3)  a bluish  almost  invisible 


Fig.  23—6.  A candle  flame. 
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In  other  words,  the  hydrogen  of  the  hydrocar- 
bon is  oxidized  to  water  vapor,  but  there  is  not 
enough  air  in  this  zone  to  convert  the  carbon 
of  the  hydrocarbon  to  carbon  dioxide.  The 
luminous  zone  is  therefore  a region  of  incom- 
blete  combustion.  The  presence  of  the  carbon  j 
in  this  zone  is  shown  by  the  deposit  of  soot  I 
that  appears  when  a piece  of  white  china  or/ 
porcelain  is  held  in  the  flame. 

The  outermost  zone  is  surrounded  by  air, 
so  that  the  carbon  in  this  region  is  completely 
burned  to  carbon  dioxide;  that  is,  complete':^, 
combustion  occurs  in  this  zone.  We  can  prove 
the  presence  of  carbon  dioxide  by  showing 
that  this  gas  turns  limewater  milky. 


Demonstration  23-6.  To  Prove  That  Carbon  Dioxide  Is 
Formed  in  the  Candle  Flame. 


Hold  an  in\erted  test  tube  over  the  candle 
flame  for  a few  moments.  Pour  some  limewater 
into  the  test  tube,  close  the  tube  with  a stopper, 
and  shake  it.  Notice  the  formation  of  a milky 
substance,  which  proves  the  presence  of  carbon 
dioxide. 


A Gas  Burner.  The  candle  is  a fair  source  of 
light  but  a poor  source  of  heat.  A great  deal 
of  the  heat  of  a burning  candle  is  wasted  be- 
cause much  of  the  carbon  escapes  unburned. 
For  complete  combustion  the  air  outside  the 
flame  is  insufficient;  air  must  be  supplied  to 
the  flame  itself.  This  idea  was  first  applied  to 
a gas  burner  about  a hundred  years  ago  by  a 
German  scientist  named  Bunsen. 


i Fig.  23—7.  Lavoisier's  large  burning  glass. 


1 Before  Bunsen  invented  a coal-gas  burner, 

I it  was  difficult  to  obtain  a supply  of  heat  for 


even  simple  experiments.  Sometimes  candles 
were  used,  but  they  did  not  give  much  heat 
and  the  sooty  deposit  was  objectionable.  Fre- 
quently a coal  stove  was  used,  and  occasionally 
even  the  heat  of  the  sun.  Fig.  23-7  shows  a 
device  used  by  Lavoisier  in  which  the  sun’s 
rays  were  concentrated  on  an  object  by  means- 
of  lenses. 


Fig.  23—8.  Section  of  Bunsen  burner. 


The  modern  Bunsen  burner  consists  of  four 
parts,  as  shown  in  Fig.  23-8:  ( 1 ) the  base,  (2) 
a jet  and  valve  to  control  the  gas  supply,  (3) 
the  barrel  where  the  gas  and  air  mix,  and  (4) 
openings  at  the  base  of  the  barrel  to  admit  air. 

The  mixture  of  air  and  gas  burns  at  the  top 
of  the  barrel.  If  the  air  ports  are  closed,  the 
flame  is  luminous,  like  the  candle  flame,  be- 
cause of  the  presence  of  white-hot  particles  of 
carbon.  This  flame  gives  light  but  little  heat; 
the  hand  can  be  passed  through  it  without  dis- 
comfort. It  is  therefore  of  little  use  in  the 
laboratory  where  heat,  not  light,  is  usually 
needed.  If  the  air  ports  are  opened  properly, 
the  carbon  particles  are  completely  burned  to 
carbon  dioxide  and  the  flame  is  nonluminous. 
This  hot,  nonluminous  flame  is  usually  referred 
to  as  the  Bunsen  flame. 

The  Bunsen  flame,  as  shown  in  Figs.  23-9 
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and  23-10,  consists  of  four  zones:  (1)  a dark 
central  zone  containing  unburned  gas  and  air. 

(2)  an  inner  greenish  zone  where  burning  first 
begins,  (3)  a large  dark  blue  zone  of  intense 


burning,  and  (4)  an  outer  light  blue  fringe  of 
complete-rnmbnstinn . The  hottest  part  of  the 
Bunsen  flame  is  just  above  the  green  cone  in 
the  center  of  the  flame.  In  this  region  copper, 


Fig.  23—10.  The  zones  of  a Bunsen  flame. 

whieh  has  a melting  point  of  nearly  1100°  C., 
ean  be  melted  as  v^^as  shown  in  Demonstra- 
tion 13-4. 
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Demonstration  23-7.  To  Show  That  the  Central  Zone 
Contains  Unburned  Gas. 

Hold  the  wide  end  of  a glass  jet  about  four 
inches  long  in  the  dark  central  zone  of  the  Bun- 
sen flame,  and  light  the  escaping  gas  at  the  jet. 
It  is  clear  that  the  unburned  gas  flows  from  the 
central  zone  through  the  tube. 

Household  Heaters.  Although  the  Bunsen 
burner  was  invented  as  a convenient  source  of 
heat  for  the  laboratory,  it  has  been  adapted  to 
supply  heat  in  the  home.  The  gas  cooking 
stove,  for  example,  operates  like  a Bunsen 
burner.  In  the  stove  gas  and  air  are  mixed  in 
a pipe,  and  the  gas  mixture  is  burned  at  the 


Fig.  23—1  1 . A blowtorch  or  blast  lamp. 

openings  in  a ring  burner.  The  ring  burner 
provides  a number  of  small  flames  arranged  in 
a circle  so  that  the  heat  will  be  spread  rather 
than  concentrated  in  one  spot. 

The  flames  of  the  ring  burner  should  not  be 
luminous.  A luminous  flame  indicates  that  in- 
sufficient air  is  entering  the  gas  mixture.  Thus 
fuel  is  being  wasted  and  the  flame  is  not  as  hot 
as  it  should  be.  Moreover,  a good  deal  of  soot 
is  deposited  on  the  articles  being  heated.  The 
flame  of  the  kitchen  burner  should  therefore 
be  examined  from  time  to  time  to  determine 
whether  the  opening  that  admits  the  air  needs 
adjusting. 
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A Blowtorch  or  Blast  Lamp.  If  air  or 

oxygen  is  forced  under  pressure  into  a hydro- 
gen flame,  the  rate  of  burning  is  increased  and 
the  temperature  of  the  flame  is  raised.  An 
apparatus  (Fig.  23-11)  that  makes  this  pos- 
sible is  ealled  a blowtorch  or  blast  lamp.  No- 
tice that  the  gases  are  not  mixed  in  the  barrel, 
as  in  a Bunsen  burner,  but  in  the  Jet. 

In  the  oxyhydrogen  toreh  hydrogen  is  ad- 
mitted into  the  middle  tube  and  ignited  at  the 
opening.  Oxygen  is  then  slowly  admitted  and 
the  flame  becomes  smaller  and  hotter.  The 
oxyhydrogen  flame  has  a temperature  of  about 
2500°  C.  It  is  used  for  cutting  and  welding 
metals.  A still  higher  temperature  is  obtained 
in  the  ox^•acetylene  flame  (see  Chapter  28). 
Even  if  ordinary'  fuel  gas  and  air  are  used  in 
the  blowtorch,  the  temperature  of  the  flame 
is  high  enough  (at  least  1500°  C.)  to  melt 
iron. 

Demonstration  23-8.  To  Burn  Steel  Wool  in  a Blowtorch. 

Attach  a blowtorch  to  a supply  of  gas  and 
compressed  air.  Turn  on  the  gas  and  light  it. 
Admit  the  air  until  the  burner  is  roaring.  Hold 
a piece  of  steel  wool  in  the  flame  and  observe 
that  it  burns  away  in  a shower  of  sparks. 

Matches.  It  was  not  long  after  Lavoisier’s 
time  that  chemical  methods  for  produeing  fire 
were  discovered.  In  the  early  part  of  the  19th 
centime  a Frenchman  named  Chmacel  put  a 
a mixture  of  potassium  chlorate  and  sugar, 
bound  together  by  glue,  on  one  end  of  a strip 
j of  wood.  He  then  dipped  this  covered  tip  into 
concentrated  sulfurie  acid.  When  he  removed 
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it,  it  burst  into  flame.  This  was  the  first  match. 
The  acid  reacted  with  the  sugar  to  form  ear- 
bon,  and  the  carbon  combined  with  the  oxv- 
gen  of  the  potassium  chlorate  and  burned. 
Since  the  potassium  chlorate  supplied  the  oxy- 
gen, it  was  the  oxidizer.  This  mateh  was  both 
awkward  and  dangerous. 

Shortly  afterward  the  first  friction  match 
was  made.  The  tip  consisted  of  a mixture  of 
potassium  chlorate  and  phosphorus  or  sulfur. 
This  mixture  was  ignited  by  rubbing  the  tip 
on  sandpaper,  the  heat  of  friction  being  suffi- 
cient to  start  the  reaction  and  ignite  the  tip. 
Frietion  matches  were  dangerous  because  they 
were  set  on  fire  too  easily,  often  as  a result  of 
accidental  friction. 

The  modern  safety  match  was  invented  in 
the  middle  of  the  19th  century.  This  match 
is  usually  tipped  with  a mixture  of  potassium  ^ 
chlorate  and  antimony  sulfide.  Safety  matehes-.;- 
ignite  only  when  they  are  rubbed  on  a spe-  P 
cially  prepared  surface  consisting  of  red  phos- 
phorus and  powdered  glass,  usually  found  on 
the  outside  of  the  box  or  package  in  whieh 
they  are  sold. 

We  accept  the  mateh  today  without  think- 
ing of  its  importance  to  modern  civilization. 

A century  and  a half  ago  fire  was  commonly 
produced  from  the  sparks  obtained  by  friction 
between  flint  and  steel.  It  was  Lavoisier’s 
theory  of  combustion  that  gave  the  clue  to  the 
discovery  of  chemical  methods  of  making  fire. 
And  the  match  is  an  example  of  the  benefits 
given  to  mankind  onee  a theory  has  been 
established. 


THINGS  TO  REMEMBER 


Combustion  is  a chemical  reaction  between  a 
combustible  substance  and  oxygen. 

Two  main  types  of  chemical  reactions  are  com- 
rbination  and  decomposition. 

I Heat  is  released  in  most  chemical  reactions^ 
Pure  oxygen  can  be  prepared  by  decomposing 
potassium  chlorate. 

Oxidation  is  a reaction  oxygen  and 

another  element.  ^ 


An  oxide  is  a compound  of  oxygen  and  another 
eluent. 

Hydrogen  is  prepared  by  decomposing  an  acid 
by  ametaT 

Hydrogen  burns,  out  does  not  suppdrt  burn- 
ing; oxygen  supports  burning,  but  does  not  burn. 

A flame  is  a sign  of  a chemical  reaction. 

A hydrocarbon  is  a compound  of  hydrogen  and 
carbon. 
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The  luminosity  of  a candle  flame  is  due  to 
white-hot  particles  of  carbon . 

A test  for  carbon  dioxide  is  that  it  turns  lime- 
water  milky. 
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The  modern  safety  match  has  a tip  of  potas- 
sium chlorate  and  aiitimony  sulfide  and  a rub- 
bing surface  of  red  pTospnoxus  and  powdered 
glass. 


QUESTIONS 


fly  Complete  the  equations  for  the  following 
^ chemical  reactions: 


(I- 


{a)  iron  and  sulfur  — > 

( b ) phosphorus  and  oxygen  — » 

(c)  hydrogen  and  oxygen  — » 

Explain  the  following  terms:  (a)  combus- 
tion; (b)  hydrocarbon;  (c)  incomplete  com- 
bustion; (d)  oxidation. 

What  is  the  essential  element  in:  (a)  an 
acid;  (Z>)  an  oxide? 

Give  an  example  of:  '{a)  a combination  re- 
action; (b)  a decomposition  reaction. 
Label  each  of  the  following  as  a combina- 
tion reaction  or  a decomposition  reaction: 

(a)  mercuric  oxide  mercury  + oxygen 

(b)  mercury  oxygen  mercuric  oxide 

(c)  paraffin  + oxygen  — ^ carbon  dioxide  + 
water  vapor 


6.1  Name  the  oxidizer  and  the  combustible 
^ materials  in  a modern  safety  match. 


B 

^ Hydrogen  is  usually  prepared  by  the  reac- 
tion between  a metal  and  a dilute  acid. 
Draw  a labeled  diagram  of  the  apparatus 
you  would  use  to  collect  a bottle  of  the  gas. 

Where  does  the  hydrogen  come  from — 
the  acid  or  the  zinc?  Give  a reason  for  your 
answer. 

8.  [a)  Write  a symbolized  equation  for  the 
reaction  in  the  hydrogen  flame. 

(b)  Give  the  meanings  of  the  numbers  you 
have  used  in  the  equation. 

'^c)  State  the  number  of  atoms  that  take 
part  in  the  reaction  shown  in  the  equa- 
tion. 


/9y  A burning  taper  is  plunged  into  an  inverted 

^ jar  of  hydrogen,  (a)  Explain  what  happens, 
(b)  Give  two  important  conclusions  that 
can  be  drawn  from  this  experiment. 

1 0.  Describe  experiments  which  prove  that  both 
carbon  and  carbon  dioxide  are  formed  in 
the  candle  flame. 

1 1 . Draw  a nonluminous  Bunsen  flame  and 
label  the  zones. 

12.  If  the  flame  of  the  cooking  stove  in  your 
home  has  a luminous  tip,  would  you  suspect 
insufficient  fuel  gas  or  air?  Why  should  you 
correct  the  air-fuel  supply?  How  would  you 
correct  it? 


PROJECT 


inflating  a Balloon  with  Hydrogen.  To  show 
that  hydrogen  is  lighter  than  air,  place  some  zinc 
in  a flask  and  then  pour  in  enough  dilute  hydro- 
chloric acid  to  cover  it.  The  acid  is  at  once  de- 
composed and  hydrogen  bubbles  escape.  Place 
some  cotton  in  a tube  to  catch  the  acid  spray, 
and  to  one  end  of  the  tube  attach  a rubber  bal- 


loon. Insert  the  other  end  of  the  tube  in  a cork 
stopper  and  fit  the  stopper  into  the  flask  as  shown 
in  Fig.  23-12. 

The  escaping  hydrogen  inflates  the  balloon. 
Detach  the  balloon  from  the  tube,  tie  the  open- 
ing with  thread,  and  then  release  the  balloon.  It 
will  rise  to  the  ceiling. 


FIRES  AND  EXPLOSIONS 


Chapter  24 


In  Chapter  23  we  considered  several  chemi- 
cal reactions:  the  reaction  between  zinc  and 
sulfur,  the  burning  of  hydrogen,  the  burning  of 
a candle,  and  the  burning  of  coal  gas.  In  all 
these  experiments  heat  had  to  be  applied  to 
start  the  reaction.  The  mixture  of  zine  and 
sulfur  was  heated  until  a glow  was  observed; 
the  candle,  the  hydrogen,  and  the  coal  gas 
were  all  lighted  to  start  the  burning.  At  ordi- 
nary temperatures,  zinc  will  not  react  with  sul- 
fur, nor  will  paraffin  wax  react  with  oxvgen.  In 
other  words,  substances  must  be  heated  to 
their  reaction  temperatures  or  kindling  tem- 
peratures before  a reaction  takes  place. 

Kindling  Temperafure.  The  kindling,  or  ig- 
nition, temperature  of  a substance  is  the  tem- 
perature to  which  the  substance  must  he 
heated  before  it  starts  to  burn.  Every  combus- 
tible substance  has  its  own  kindling  tempera- 
; ture.  The  kindling  temperatures  of  phospho- 
rus, gasoline,  and  ether  are  relatively  low,  and 
these  substances  are  therefore  highly  inflam- 
mable. Wood  and  coal,  on  the  other  hand, 
have  much  higher  kindling  temperatures;  they 
require  strong  heating  before  they  will  burn. 
Kerosene  has  a higher  kindling  temperature 
I than  gasoline,  and  it  does  not  burn  when  a 
flighted  match  is  dropped  into  it. 

Demonstration  24-1.  Kindling  Temperature  of  Kerosene. 

I Pour  some  kerosene  into  a beaker  and  then 
drop  a lighted  match  into  it.  The  match  goes 
out  and  the  kerosene  does  not  burn.  Why? 

Now  pour  the  kerosene  into  a metal  bowl  and 
heat  it  over  a Bunsen  flame  for  a few  seconds. 


Again  drop  a lighted  match  into  the  kerosene. 
This  time  it  burns.  Why? 

Finally,  move  the  bowl  containing  the  burn- 
ing kerosene  in  a tray  containing  ice  and  water, 
as  shown  in  Fig.  24-1.  The  flames  are  soon 
extinguished.  Why? 

You  have  probably  already  thought  out  the 
answers  to  these  questions.  In  the  first  experi- 
ment the  burning  match  does  not  ignite  the 


Fig.  24—1.  The  kerosene  flame  is  extinguished  when 
the  bowl  is  moved  around  in  ice  and  water. 


kerosene  because  the  kerosene  is  not  at  its 
kindling  temperature.  The  Bunsen  flame 
heats  the  kerosene  so  that  the  burning  match 
can  raise  it  to  its  kindling  temperature,  and 
the  kerosene  therefore  bursts  into  flame.  The 
ice  and  water  cool  the  kerosene  below  its 
kindling  temperature,  and  the  flames  are  ex- 
tinguished even  though  there  is  still  kerosene 
in  the  bowl. 
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This  demonstration  illustrates  an  effective 
way  of  controlling  a fire  and  extinguishing  a 
flame;  namely,  cooling  the  combustible  sub- 
stance below  its  kindling  temperature.  Thus, 
if  explosive  gases  are  kept  below  their  kindling 
temperatures,  they  are  not  dangerous.  This 
principle  was  employed  in  the  Davy  safety 
lamp,  which  was  designed  to  provide  safe  il- 
lumination in  coal  mines. 

The  Davy  Safety  Lamp.  Until  the  early 
part  of  the  19th  century  few  safety  precautions 
had  been  taken  in  coal 
mines.  The  miners,  espe- 
cially in  England,  worked 
under  extremely  dangerous 
conditions.  They  made  their 
own  tallow  candles  from 
sheep  fat  and  used  them 
to  give  light  while  they 
were  working  in  the  mines. 
When  the  burning  candles 
were  carried  into  a pocket 
of  firedamp,  as  the  explosive 
mine  gas  is  called,  the  result 
was  disastrous.  There  were 
many  serious  explosions  in 
the  English  coal  mines,  and 
the  loss  of  life  was  so  heavy 
that  the  mine  owners  ap- 
pealed to  Sir  Humphry  Davy 
to  investigate  the  explosions 
and  to  find  a means  of  pre- 
venting them.  Davy  studied 
samples  of  firedamp  taken  from  the  mines, 
and  in  only  two  weeks  he  found  a solution. 
He  first  discovered  the  cooling  power  of  wire 
gauze. 

In  the  experiment  on  page  141  we  saw  that 
metal  gauze  over  a Bunsen  burner  rapidly  con- 
ducts the  heat  of  a flame  along  the  strands  of 
wire  so  that  the  unburned  gas  is  kept  below  its 
ignition  temperature.  The  conductivity  of  the 
gauze  therefore  has  a cooling  effect,  so  that  the 
gas  which  passes  out  through  the  gauze  does 
not  burn.  It  was  this  principle  that  Davy  dis- 
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covered  and  immediately  applied  in  construct- 
ing a safety  lamp. 

The  Davy  lamp  is  an  oil  lamp  with  a piece  of 
iron  wire  gauze  completely  surrounding  the 
flame,  as  shown  in  Fig.  24-2.  As  the  hot  gases 
pass  out  through  the  gauze  they  are  cooled  by 
conduction  below  the  ignition  temperature  of 
the  inflammable  gases  outside.  The  lamp  can 
also  be  used  to  detect  the  presence  of  fire- 
damp. Firedamp  passes  in  through  the  metal 
gauze,  where  it  is  ignited  and  changes  the 
color  of  the  flame.  The  Davy  safety  lamp  has 
been  adopted  by  miners  of  many  nations  and 
has  undoubtedly  saved  thousands  of  lives. 
Miners  in  the  United  States  today  use  an  elec- 
tric light  instead  of  the  Davy  lamp. 

Dust  Explosions.  Dust  consists  of  fine  parti- 
cles of  solid  material  suspended  in  the  air.  If 
the  solid  is  combustible  material,  the  dust  may 
be  highly  inflammable. 

Demonstration  24-2.  To  Compare  the  Inflammability  of 
a Block  of  Wood  with  That  of  a Chip  of  Wood. 

Hold  a block  of  wood  over  the  flame  of  a 
Bunsen  burner  for  a few  seconds.  The  wood  will 
probably  char  but  not  burn.  Now  cut  off  a splin- 
ter of  wood  from  the  block  and  hold  this  in  the 
flame.  The  splinter  burns  at  once.  Why  should 
the  splinter  burn  but  not  the  block?  What  is 
the  important  difference  between  the  two? 

Before  answering  these  questions,  let  us  in- 
vestigate the  burning  of  an  inflammable  dust, 
such  as  flour  or  lycopodium  powder.  Lycopo- 
dium is  a flowerless  herb  called  clubmoss.  The 
spores,  found  on  the  leaves  of  the  plant,  are 
called  lycopodium  powder,  a highly  inflam- 
mable substance. 

Demonstration  24-3.  The  Burning  of  a Powder. 

Attach  a ring  burner  (or  a Bunsen  burner)  to 
a stand.  Place  3 or  4 grams  of  lyeopodium  pow- 
der in  a ealcium  ehloride  tube  to  whieh  a piece 
of  rubber  tubing  has  been  attached,  as  shown  in 
Fig.  24-3.  Light  the  burner  and  then  blow  the 
powder  through  the  flame.  The  powder  burns 
instantly  with  a spectacular  flash. 

These  two  experiments  with  wood  and  pow- 
der prove  that  the  smaller  the  pieces  of  com- 
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Fig.  24—2.  A mod- 
ern Davy  safety 
lamp. 
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bustible  material,  the  more  rapidly  they  burn. 
The  smaller  the  pieces  become,  the  greater 
their  contact  with  the  oxygen  in  the  air.  Since 
the  air  is  in  contact  with  only  the  faces  of  the 
heated  block  of  wood,  the  heat  is  not  sufficient 
to  start  it  burning.  If  a sliver  or  splinter  of 
wood  is  heated,  burning  starts  at  once  because 
relatively  more  of  its  surface  is  in  contact  with 
the  air.  Since  the  particles  of  dust  have  still 
greater  surfaces  in  contact  with  the  air,  they 
burn  \-iolently  once  they  have  been  heated  to 
their  kindling  temperature. 

Combustible  particles  are  always  a fire  haz- 
ard, and  precautions  should  be  taken  against 


Fig.  24—3.  The  burning  of  a powder. 

this  risk.  The  metals  magnesium  and  alu- 
minum, used  in  the  construction  of  airplanes, 
are  examples  of  this  danger.  When  these 
metals  are  tooled  during  construction,  the  hot 
dusts  that  are  formed  are  highly  inflammable; 
I they  have  caused  many  factory  fires.  The  fire 
; hazard  can  be  reduced  by  sucking  the  metal 
.dusts  into  a bag  to  prevent  them  from  escap- 
ing into  the  air. 

; The  inflammable  nature  of  magnesium  dust 
ican  be  shown  by  throwing  a little  magnesium 
Ipowder  into  a Bunsen  flame;  the  powder  ig- 
nites instantly  with  a white  flash.  Caution: 
Use  only  a very  small  amount  of  magnesium 
powder. 
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Spontaneous  Combustion.  In  all  these  ex- 
amples the  inflammable  dusts  ignite  only 
when  they  are  raised  to  their  ignition  temper- 
atures by  heat  from  an  outside  source.  Un- 
fortunately some  dusts  and  vapors  reach  their 
ignition  temperatures  and  burst  into  flame 
without  outside  aid.  When  this  happens, 
spontaneous  combustion  is  said  to  have  taken 
place. 

Coal  stored  on  ships,  for  example,  has  been 
known  to  catch  fire  by  spontaneous  combus- 
tion. When  coal  is  being  transported  by  sea, 
the  constant  rolling  of  the  ship  causes  pieces 
of  coal  to  rub  against  one  another  and  make 
coal  dust  by  friction.  The  coal  particles,  which 
are  particles  of  carbon,  slowly  react  with  the 
oxygen  of  the  air  to  form  carbon  dioxide; 

carbon  -f-  oxygen  — » carbon  dioxide  + heat 

or  C -f-  02  CO2  + heat 

If  there  is  not  enough  ventilation  to  carry 
away  the  heat  of  reaction,  the  temperature 
rises  until  the- kindling  temperature  is  reached, 
and  the  coal  dust  bursts  into  flame.  Joseph 
Conrad,  in  the  story  called  Youth,  wrote  a 
thrilling  account  of  a fire  started  by  the  spon- 
taneous combustion  of  coal  on  a sailing  ship 
in  the  Indian  Ocean. 

Oily  rags  left  in  a badly  ventilated  place, 
such  as  a cupboard  or  closet,  for  example,  may 
also  be  a source  of  spontaneous  combustion. 
Since  oil  is  a hydrocarbon,  the  following  re- 
action takes  place  between  oil  vapor  and 
oxygen; 

hydrocarbon  -f  oxygen  — > water  vapor  + 
carbon  dioxide  + heat 

If  the  heat  released  in  the  reaction  is  enough 
to  raise  the  oil  to  its  kindling  temperature,  a 
fire  results. 

Of  all  the  fires  caused  by  spontaneous  com- 
bustion, however,  probably  the  most  common 
and  serious  ones  occur  in  grain  elevators. 
Since  flour  and  grain  dusts  are  highly  inflam- 
mable, strict  precautions  must  be  taken  against 
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the  danger  of  fire,  either  from  spontaneous 
combustion  or  from  sparks  caused  by  friction 
in  the  machinery. 

The  ignition  of  hay  in  a barn  or  in  outdoor 
stacks  is  another  example  of  spontaneous  com- 
bustion. Since  the  heat  is  liberated  well  inside 
the  haystack,  it  is  not  caused  by  oxidation. 
It  is  due,  instead,  to  the  action  of  bacteria  that 
decompose  the  hay  and,  in  doing  so,  liberate 
heat  enough  to  start  a fire. 

Gas  Explosions.  Every  inflammable  gas  will 
explode  with  air  under  suitable  conditions. 
Hydrogen  and  oxygen  in  the  right  proportion, 
for  instance,  form  an  explosive  mixture.  The 
explosive  nature  of  such  a mixture  can  be 
shown  by  confining  the  gases  in  a soap  bubble 
and  then  igniting  them. 

Demonstration  24-4.  Oxyhydrogen  Explosion. 

Prepare  hydrogen  and  oxygen  by  the  methods 
already  described.  By  means  of  rubber  tubing. 


FIRE  AND  FUELS 

attach  the  outlet  tubes  to  a Y or  T tube  so  as 
to  mix  the  gases.  Direct  the  stream  of  the  oxy- 
gen-hydrogen mixture  into  a small  quantity  of 
soap  solution  in  an  iron  mortar  or  metal  dish. 
When  a few  soap  bubbles  have  formed  on  the 
surface,  remove  the  tube  conducting  the  mixed 
gases  at  least  two  or  three  feet  from  the  dish. 
Tie  a wax  taper  to  a long  stick  and  ignite  it. 
Now  touch  the  bubbles  with  the  burning  taper 
and  the  bubbles  will  explode  with  a loud  noise. 
Caution:  The  outlet  tube  must  be  kept  well  away 
from  the  flame;  otherwise  a dangerous  explosion 
may  result.  The  explosion  in  a soap  bubble  is, 
of  course,  quite  harmless. 

The  chemical  action  that  takes  place  is 
hydrogen  -f  oxygen  water  vapor  + heat 
or  2Ho  + 02-^  2H2O  + heat 

The  heat  of  the  reaction  causes  a sudden 
and  considerable  expansion  of  the  water  vapor 
which  develops  an  explosive  force. 


Courtesy  U.S.  Bureau  of  Mines 

Fig.  24—4.  A crew  testing  for  explosive  firedamp  by  examining  the  flame  of  a Davy  lamp. 
Notice  that  the  crew  members  are  blocking  off  the  light  from  the  light  bulbs  on  their  helmets. 
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A gas  explosion  does  not  always  result  in  a 
loud  noise,  however;  in  most  explosions  in 
coal  mines  there  is  little  noise. 


Demonstration  24-5.  A Coal-Gas  Explosion. 

Arrange  a three-hole,  round-bottom  flask  as 
shown  in  Fig.  24-5.  Close  the  right-hand  open- 
ing with  a rubber  stopper  and  admit  fuel  gas 
through  the  tube  in  the  left-hand  opening.  Al- 
low the  gas  to  escape  from  the  center  tube  for 
5 or  10  seconds.  Then  ignite  it.  Notice  that  the 
gas  burns  with  a luminous  flame. 

Now  remove  the  stopper  from  the  right-hand 
opening  and  then  immediately  turn  off  the  gas 
supply.  Air  now  begins  to  enter  the  flask,  caus- 
ing the  flame  to  become  nonluminous.  As  the 
gas  supply  is  used  up,  the  flame  gets  smaller  and 
smaller,  until  eventually  it  travels  down  the  tube 
and  into  the  flask,  which  instantly  fills  with 
flame. 

This  is  a typical  coal-mine  explosion,  ex- 
cept that  in  the  mine  the  explosive  gas  is  fire- 
damp. There  is  not  enough  oxygen  in  the 
mine  to  cause  complete  combustion  of  the 
firedamp,  so  some  carbon  monoxide  as  well  as 
carbon  dioxide  is  formed.  The  carbon  mon- 


Fig.  24—6.  Queens  Midtown  Tunnel,  New  York.  Fresh  air  enters  by  the  ducts  above  the  curb, 
and  stale  air  is  withdrawn  through  the  -ectangular  ports  in  the  ceiling. 
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oxide,  which  the  miners  call  aiterdamb,  is  very 
poisonous  and  more  deadly  than  the  explo- 
sion itself. 

Not  all  gas  explosions  are  harmful,  however. 
If  controlled  and  made  to  do  work,  as  in  the 
internal-combustion  machine,  they  can  be  of 
great  service  to  mankind. 

The  Internal-Combustion  Engine.  An  in- 
ternal-combustion engine  is  a device  for  ignit- 
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gasoline  -b  oxygen  carbon  dioxide  -F 
water  vapor  -b  heat 

or  C6Hi4  -b  O2  — > CO2  + H2O  "b  heat 

The  formula  C6H14  means  that  one  molecule 
of  hexane  contains  6 atoms  of  carbon  and  14 
atoms  of  hydrogen. 

The  heat  of  combustion  causes  the  gases  to 
expand,  and  the  pressure  of  the  expanding 
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Fig.  24—7.  Explosion  of  gases  in  a cylinder. 


ing  a mixture  of  gasoline  vapor  and  air  and 
using  the  force  of  the  explosion  to  do  work. 
It  is  called  an  internal-combustion  engine  be- 
cause combustion  takes  place  inside  the  cylin- 
der, (Is  there  an  external-combustion  engine?) 

In  this  engine  gasoline  is  forced  through  a 
nozzle  in  the  carburetor  and  vaporized.  The 
gasoline  vapor  is  then  mixed  with  air,  and 
the  mixture  is  led  into  the  cylinder,  where  it 
is  ignited  by  a spark  from  the  spark  plug  in 
the  cylinder  head. 

Gasoline  is  a mixture  of  hydrocarbons,  one 
of  which  (hexane)  has  the  formula  C6H14.  It 
reacts  with  the  oxygen  of  the  air  according  to 
the  equation : 


gases  drives  the.pMojL. down  Jl^ cylinder,  as 
shown  in  Fig.  24-7.  The  method  by  which 
the  motion  of  the  piston  is  converted  into 
useful  work,  as  in  driving  an  automobile,  is 
discussed  in  Chapter  31. 

In  reality,  the  oxygen  in  the  gas  mixture  is 
hardly  sufficient  to  convert  all  the  carbon  to 
carbon  dioxide,  and  some  carbon  monoxide 
is  always  formed.  In  fact,  the  exhaust  gases 
may  contain  as  much  as  7 percent  carbon 
monoxide.  This  is  a dangerously  high  propor- 
tion, and  the  exhaust  gases  may  become  ex- 
ceedingly poisonous  if  the  engine  is  allowed  to 
run  for  some  time  in  a closed  garage. 

Tunnels  through  which  a great  many  auto- 
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mobiles  pass  must  be  well  ventilated  to  pre- 
vent a dangerous  accumulation  of  carbon 
monoxide.  In  the  Lincoln  and  Holland  tun- 
nels, under  the  Hudson  River  in  New  York, 
carbon  monoxide  is  removed  by  powerful  elec- 
tric fans.  (Sec  Fig.  24-6.) 

EXPLOSIVES 

When  you  hear  the  word  explosives,  you 
probably  think  of  shells,  bombs,  and  torpedoes 
used  in  warfare.  But  explosives  also  help  man 
in  peaceful  pursuits.  The  invention  of  explo- 
sives saved  a great  deal  of  manual  labor, 
because  the  forces  developed  in  chemical  re- 
actions can  be  made  to  do  work.  Indeed,  gun- 
powder is  one  of  the  greatest  inventions;  it 
enables  man  to  blast  iron  ore  out  of  the  moun- 
tains and  coal  out  of  underground  seams.  It 
helped  bring  about  the  age  of  coal  and  steel. 

Gunpowder,  or  Black  Powder.  Gunpowder 
was  the  first  explosive  used.  It  was  invented 
in  the  1 3th  century  and  had  a very  important 
effect  on  human  progress.  For  almost  600 
years  it  remained  the  only  explosive.  Man 
soon  discovered  that  it  could  be  used  in  war- 
fare to  project  rocks  and  cannon  balls,  and  it 
was  first  used  for  this  purpose  in  the  14th 
century.  Before  the  discovery  of  gunpowder, 
battles  were  fought  under  the  leadership  of 
knights  in  armor  mounted  on  horseback.  Since 
their  armor  was  no  defense  against  projectiles 
propelled  by  gunpowder,  the  methods  of  war- 
fare had  to  be  changed. 

Gunpowder  is  a mixture  of  potassium  ni- 
traie  (often  called  jsaltpeteij[r^ara)air~^d 
sulfur.  When  it  is  heated,  a brisk  chemical 
reaction  takes  place.  Potassium  nitrate  con- 
tains oxygen.  The  oxygen  reacts  with  the 
charcoal  to  form  carbon  dioxide  and  carbon 
monoxide,  and  reacts  with  sulfur  to  form  sul- 
fur dioxide.  Nitrogen  and  a solid  residue  (po- 
tassium oxide)  are  also  formed. 

The  use  of  gunpowder  for  military  purposes 
depends  on  several  of  its  important  properties. 
First,  it  burns  very  easily.  SecondlyrthS'potas- 
sium  nitrate  injj-supplies  all  th€  oxygen  neces- 
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.^ry  for  burning.  Thus,  because  gunpowder 
does  not  need  the  oxygen  of  the  air  for  com- 
bustion, it  can  burn  in  an  enclosed  space,  such 
as  the  barrel  of  a gun,  for  example.  Moreover, 
since  the  temperature  of  \he.  burning  gun- 

powder is  about  5000°  F.,  the  expanding  gases 
can  eject  objects  with  great  force. 

In  the  early  days,  to  fire  a gun  the  gunner 
first  rammed  gunpowder  into  the  muzzle  and 
into  a hole  in  the  rear  of  the  barrel.  He  then 
inserted  the  cannon  ball.  He  ignited  the  pow- 
der in  the  hole,  which  in  turn  touched  off 
the  main  charge  in  the  barrel.  There  were 
severaljdjsadyantagesjin  the  use  of  gunpowder. 
The  clouds  of  smoke  that  followed  the  ex- 
plosion at  once  revealed  the  position  of  the 
gun  to  the  enemy.  Also,  the  solid  residue  in 
almost  half  as  much  as  the 


gunpowder.  This  clogged  the  gun,  and  the 
barrel  had  to  be  cleaned  even  during  battle. 
Firing  a gun  was  a slow  process;  during  a rain- 
sform  the  powder  becanie^SQJweiJihat  it  was 
almost  impossible  tojBre  it. 

In  spite  oTTfTdisadvantages,  gunpowder, 
or  black  powder,  was  used  in  warfare  for  more 
than  four  centuries;  it  was  not  replaced  by 
smokeless  powder  until  the  latter  part  of  the 
19th  century. 

During  the  Napoleonic  Wars  sulfur  was  ob- 
tained from  the  volcanic  regions  in  Sicily; 
charcoal  was  obtained  by  heating  wood.  The 
production  of  potassium  nitrate  was,  however, 
a more  serious  problem.  This  compound  was 
made  from  stable  manure  by  a process  that 
took  several  months.  Napoleon  required  all 
the  farmers  in  conquered  territories  to  convert 
their  compost  heaps  into  potassium  nitrate 
and  deliver  their  quotas  to  him. 

Until  the  time  of  the  American  Revolution 
the  American  colonies  supplied  charcoal  to 
England.  Entire  forests  were  burned  down 
in  order  to  supply  charcoal  for  gunpowder  and 
potash  for  soap. 

demonstration  24-6.  The  Burning  of  Gunpowder. 

Grind  separately  and  then  mix  thoroughly 
about  7.5  grams  of  potassium  nitrate,  1.5  grams 
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of  charcoal,  and  1 gram  of  sulfur.  Place  the  mix- 
ture on  a piece  of  asbestos  supported  on  a tripod, 
and  ignite  it  with  a Bunsen  flame.  Notiee  the 
elouds  of  smoke  and  the  large  amount  of  solid 
residue.  Note:  In  the  open,  gunpowder  burns 
rapidly  but  without  explosive  effeets.  Though 
this  experiment  is  quite  safe,  it  should  be  per- 
formed near  a hood  or  in  a well-ventilated  room. 

Modern  Explosives.  The  first  modern  explo- 
sives were  invented  about  a hundred  years 
ago.  They  are  of  two  kinds— high  explosives 
and  low  explosives.  High  explosives  burn 
much  faster  and  therefore  develop  a much 
greater  shattering  force  than  low  explosives . 
Moreover,  most  high  explosives  are  more  sen- 
sitive to  shock  than  low  explosives.  For  these 
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high  explosive,  usually  TNT,  which  is  not 
very  sensitive  to  shock  and  can  withstand  the 
blow  of  being  fired  from  a gun  without  ex- 
ploding. When  the  shell  hits  the  target,  a 
primer  in  the  nose  of  the  shell  is  exploded 
with  a force  sufficient  to  explode  the  TNT, 
which  bursts  its  steel  case. 

If  dynamite  or  TNT  were  used  as  propel- 
lants, the  speed  of  the  explosion  would  burst 
the  gun.  D}ma^teisjiiQre_sei]^i^ 
than  TNT;  and  if  it  were  used  as  the  high 
explosive,  it  would  be  exploded  by  the  pro- 
pellant before  it  reached  the  end  of  the  bar- 
rel. In  other  words,  dynamite  is  unsuitable 
either  as  a propellant  or  as  a high  explosive 
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Fig.  24—8.  A shell  and  cartridge  case  with  high  and  low  explosives. 


reasons  the  two  types  of  explosives  have  dif- 
ferent uses.  Gu^^wder  and  smokgless  pow- 
der  aretJo^Texplo^^;  trinitrotoluene  (usually 
called  Tk^'),  dynjinite,  and  nitroglycerine 
are|high  explos'ivS^,  The  various  uses  of  high 
and  lowScplosR^  are  illustrated  in  the  firing 
of  a shell  (see  Fig.  24-8.).  The  whole  shell 
consists  of  two  parts,  the  case  and  the  shell, 
or  projectile. 

The  firing  pin  explodes  the  primer,  a sensi- 
tive explosive  called  fulminate  of  mercury,  in 
the  base  of  the  shell.  This,  in  turn,  explodes 
the  smokeless  powder,  nitrocellulose,  which 
is  called  the  propellant.  The  hot  gases  from 
the  burning  powder  push  the  projectile  out 
of  the  muzzle  of  the  gun  at  high  speed. 

The  projectile,  or  shell,  is  loaded  with  a 


in  firing  a shell.  In  spite  of  these  limitations 
it  is  an  extremely  useful  explosive. 

Dynamite.  Although  large  quantities  of  ex- 
plosives are  used  in  war,  about  95  percent  are 
used  for  peaceful  purposes.  Dynamite  is  by 
far  the  most  useful  explosive;  it  is  one  of  our 
greatest  labor-saving  devices.  It  is  used  for 
blasting  coal,  ores,  and  rock;  for  clearing 
farmland;  and  in  the  construction  of  tunnels, 
harbors,  canals,  dams,  and  highways.  A few 
cents’  worth  of  dynamite  can  blast  four  or  five 
tons  of  solid  rock  for  the  construction  of  a 
highway.  About  200,000  tons  of  dynamite 
are  used  annually  in  the  United  States  upon 
construction  projects. 

Dynamite  was  invented  by  Alfred  Nobel, 
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a Swedish  chemist.  It  is  made  from  nitro- 
glycerine, a liquid  high  explosive  which  is 
dangerous  to  handle  because  it  is  exploded  by 
only  slight  shocks.  Nobel  found  that  if  nitro- 
glycerine is  absorbed  by  charcoal  or  sawdust 
it  becomes  much  less  sensitive  to  shock  and 
therefore  less  dangerous  to  handle.  This 'mix- 
ture is  known  as  dynamite.  Nobel  made  a 
fortune  in  his  explosives,  the  greater  part  of 


Courtesy  U.S.  Bureau  of  Reclamation 


Fig.  24—9.  Blasting  away  the  canyon  walls  in  con- 
i:  structing  the  Hoover  Dam.  More  than  1,750  tons 
I of  dynamite  were  used  in  this  project. 

( 

I which  he  left  for  the  endowment  of  the 
Nobel  prizes. 

The  Nobel  Prizes.  In  his  will  Alfred 
Nobel  wrote:  “The  interest  accruing  from  the 
securities  of  my  estate  shall  be  awarded  an- 
nually in  prizes  to  those  five  persons  who 
shall  have  contributed  most  materially  to  the 
benefit  of  mankind  during  the  year  immedi- 
ately preceding One  ...  in  the  do- 

main of  Physics;  one  ...  in  Chemistry;  one 
...  in  Physiology  or  Medicine;  one  ...  in 
Literature  . . . and,  one  to  the  person  who 
shall  have  done  most  to  promote  the  Fraternity 


of  Nations  and  the  Diminution  of  Standing 
Armies  and  the  Formation  of  Peace  Con- 
gresses.” 

The  sum  invested  was  nearly  $8,000,000, 
and  each  annual  prize  amounts  to  almost 
$30,000.  No  other  fund  has  ever  been  devoted 
to  more  idealistic  purposes,  and  no  other 
prizes  have  brought  greater  distinction  to  the 
winners. 

Nobel  believed  that  the  destructive  power 
of  his  explosives  would  advance  civilization, 
reduce  human  drudgery,  and,  at  the  same 
time,  lessen  the  risk  of  war.  He  wrote  to  a 
friend:  “My  factories  may  end  war  sooner 
than  your  peace  conferences.  The  day  when 
two  army  corps  will  be  able  to  destroy  each 
other  in  one  second,  all  civilized  nations  will 
recoil  from  war  in  horror  and  disband  their 
armies.”  This  was  written  in  1892.  It  is  in- 
teresting to  note  that  within  recent  years  simi- 
lar hopes  have  been  expressed  for  the  atomic 
bomb. 

Energy  in  Explosives.  Strange  as  it  may 
seem,  the  total  energy  in  an  explosive  is  usu- 
ally not  greater  than  that  in  a nonexplosive 
substance.  Indeed,  the  energy  in  a pound  of 
TNT  or  dynamite  is  much  less  than  the 
energy  in  a pound  of  gasoline  or  coal.  That  is 
to  say,  a pound  of  coal  or  gasoline  can  do  more 
work  than  a pound  of  TNT.  An  explosive 
effect  is  due  to  the  speed  of  the  reaction.  A 
lump  of  coal  may  take  half  an  hour  to  burn, 
so  that,  although  it  releases  a great  deal  of 
heat,  the  energy  is  released  too  slowly  to  de- 
velop explosive  effects.  Nitroglycerine  and 
dynamite,  on  the  other  hand,  explode  almost 
instantaneously.  For  example,  a cartridge  of 
dynamite  five  miles  long  would  burn  from 
end  to  end  in  less  than  one  second.  Even  the 
explosion  of  gasoline  and  air  is  slow  when 
compared  with  the  explosion  of  dynamite  or 
the  burning  of  smokeless  powder.  Smokeless 
powder  is  not  a suitable  fuel  for  an  internal- 
combustion  engine  because  its  rate  of  burning 
is  too  fast. 
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THINGS  TO  REMEMBER 


The  kindling  temperature  of  a substance  is  the 
temperature  to  which  it  must  be  heated  before  it 
starts  to  burn. 

Sir  Humphry  Davy  invented  the  miner’s  safety 
lamp. 

Spontaneous  combustion  is  burning  that  takes 
place  without  the  application  of  heat  to  start  the 
reaction. 

An  ej^losiye  force  is  caused  by  the  sudden  ex- 
^ pansion  of  the  gaseous  products  by  combustion 
in  a confined  space. 


In  an  internal-combustion  engine  the  explo- 
sion takes  place  inside  a cylinder  and  the  ex- 
plosive force  is  used  to  do  work. 

Carbon  monoxide,  a poisonous  gas,  is  a prod- 
uct of  incomplete  combustion. 

Gunpowder  is  a mixture  of  saltpeter,  charcoal, 
and  sulfur. 

A low  explosive,  such  as  gunpowder,  burns 
more  slowly  than  a high  explosive,  such  as  TNT. 

Dynamite,  invented  by  Alfred  Nobel,  is  the 
most  widely  used  explosive. 


Who  were:  (a) 
Alfred  Nobel? 


A 

Sir  Humphry 


D; 


vy 


QUEST 


OHS 

I 


Explain  carefully  how  the  Davy  safety  lamp 
prevents  explosions  in  coal  mines. 

(/$.  Explain  why  oily  rags  may  suddenly  burst 
into  flame  if  they  are  left  in  a dosed  cup- 
board. 


4^.  Explain  the  following  terms:  {a)  kindling 
temperature;  (b)  spontaneous  combustion. 
uS.  A block  and  a sliver  of  wood  are  placed  in 
a Bunsen  flame  for  a moment.  One  burns 
and  the  other  does  not.  How  do  you  ex- 
/ plain  this? 

Write  word  equations  for  the  following 
reactions:  (a)  spontaneous  combustion  of 
coal;  (b)  spontaneous  combustion  of  oil; 
(c)  explosion  of  hydrogen  and  oxygen;  (d) 
explosion  of  gasoline  vapor. 

What  is  an  internal-combustion  engine? 
What  is:  (a)  a high  explosive;  (b)  a low 
explosive?  Give  an  example  of  each. 

B 

\/7.  "A  fire  can  be  extinguished  if  the  burning 
substance  is  cooled  below  its  kindling  tem- 
perature.” Describe  an  experiment  you 
could  perform  to  prove  this  statement. 


i/tO.  How  do  you  account  for  the  force  that 
drives  the  piston  down  the  cylinder  of  an 
internal-combustion  engine? 

Jl.  (a)  What  is  gunpowder? 

(b)  How  is  the  oxygen  supplied  to  gun- 
powder to  enable  it  to  burn? 

^2.  How  is  gunpowder  able  to  develop  enough 
force  to  project  cannon  l^lls  through  ^ace? 

Compai^eLnitroglvcermej'^feNTy  and  [^maj 
mite  as  to  their  sensitivity  and  speed  orre"- 
action. 

u.  Gasoline  is  poured  into  one  small  metal  con- 
tainer and  gunpowder  into  another.  When 
the  containers  are  full,  they  are  closed  by 
a screw  cap.  The  two  containers  are  then 
heated.  What  will  probably  happen?  Why 
will  it  happen? 


PROJECT 


Reporting  on  Contributions  to  Science.  Look 
up  the  Nobel  prize  winners  in  physics,  chemis- 
try, and  medicine  in  the  World  Almanac,  an 
encyclopedia,  or  in  some  other  suitable  reference 
book.  Also  read  the  article  on  the  Nobel  prizes 
in  the  Scientific  American,  December,  1949. 
List  the  winners  for  each  of  the  above  groups 
under  the  headings  American,  British,  _ German, 


French,  Other  Gountries,  from  1902  to  the 
present  day.  Examine  the  list. 

Has  any  Canadian  received  the  award?  How 
many  countries  have  shared  the  Nobel  prizes? 
How  does  the  awarding  of  the  Nobel  prizes  con- 
tribute to  the  progress  of  scientific  knowledge 
among  nations? 


THE  CONTROL  OF  FIRE 


Chapter 


Fire  under  control  is  one  of  man’s  greatest 
benefactors;  fire  out  of  hand  is  his  greatest 
enemy.  Until  relatively  recent  times  man 
feared  fire;  now  that  he  has  learned  to  control 
it,  fire  has  lost  most  of  its  terror.  Yet  the 
losses  in  life  and  property  caused  by  fire  are 
still  staggering. 

In  the  Middle  Ages  townspeople  lived  in 
wooden  houses  built  so  close  together  that  a 
fire  in  one  house  endangered  the  whole  com- 
munity. It  is  not  surprising,  therefore,  that 
the  first  attempt  to  control  fire  was  by  means 
of  a curfew  law,  which  required  that  all  fires 
in  houses  be  extinguished  at  a certain  hour 
every  night.  (The  word  curfew  comes  from 
j the^F rench  and  means  ''cover  the  fire.” ) This 
I law  was  enforced  throughout  Europe  in  the 
I Middle  Ages. 

The  early  methods  of  controlling  fires  were 
very  inefficient.  Thus  some  fires  caused  such 
] great  destruction  that  they  have  become  his- 
torical events.  During  the  Middle  Ages  fires 
in  large  cities  caused  heavy  losses  of  life,  val- 
uable property,  and  priceless  works  of  art. 

j Famous  Fires  in  History.  Few  cities  have 
j suEered  as  much  as  London.  Of  the  many 
I fires  London  has  experienced,  the  Great  Fire 
in  the  17th  century  was  the  most  disastrous. 
A severe  plague  of  typhus  had  swept  through 
! the  city,  causing  two-thirds  of  the  inhabitants 
: to  flee  in  terror.  A few  months  later  the  Great 
i Fire  destroyed  more  than  three-quarters  of  the 
j city,  leaving  200,000  people  homeless.  Start- 


ing in  a baker’s  shop,  the  fire  was  swept  out  of 
control  by  a strong  wind  and  burned  furiously 
for  four  days.  Old  London  was  an  ideal  place 
for  such  a conflagration;  the  houses  were  made 
of  wood,  they  stood  very  close  together,  and, 
to  make  matters  worse,  their  roofs  were 
dressed  with  pitch  and  tar.  The  original  St. 
Paul’s  Gathedral  was  among  the  famous 
buildings  destroyed.  Both  the  plague  and  the 
fire  are  discussed  in  Pepys’  Diary. 

Some  fires  have  changed  the  course  of  his- 
tory. The  burning  of  Moscow  is  an  outstand- 
ing example.  In  the  early  part  of  the  19th 
century  Napoleon  completely  dominated  Gen- 
tral  Europe.  When  he  triumphantly  entered 
the  city  of  Moscow,  the  Russians  deliberately 
set  fire  to  their  city  to  prevent  its  being  taken. 
A high  wind  fanned  the  flames,  which  soon 
got  beyond  control  and  destroyed  the  city. 
Since  there  was  no  shelter  for  the  French 
armies  from  the  approaching  winter,  Napo- 
leon was  forced  to  retreat.  This  was  one  of 
the  greatest  military  disasters  in  history.  It  is 
described  in  Tolstoy’s  War  and  Peace.  The 
wintry  blizzards  came  early,  and  thousands  of 
French  soldiers  were  frozen  as  they  slept. 
Napoleon  had  entered  Russia  with  an  army 
of  650,000  men;  he  returned  to  France  with 
a disorganized  mob  of  less  than  10,000.  Napo- 
leon was  defeated  by  fire  and  cold  more  thor- 
oughly than  he  had  defeated  his  opponents 
in  battle.  He  never  regained  his  military 
strength;  the  retreat  led  to  his  loss  of  the  war, 
to  his  abdication,  and  finally  to  his  exile. 


223 


224 

In  the  United  States,  two  of  the  most  de- 
structive fires  were  the  Chicago  fire  in  1871 
and  the  San  Francisco  fire  in  1906.  By  1870 
Chicago  had  become  the  gateway  to  the  de- 
veloping Middle  West  and  was  one  of  the 
largest  cities  in  the  United  States.  It  had 
grown  at  a remarkable  rate  to  accommodate  its 
rapidly  expanding  industries.  There  had  been 
little  time  in  which  to  erect  brick  and  stone 
buildings.  Most  of  the  structures,  even  the 
sidewalks,  were  made  of  wood. 
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The  worst  fire  occurred  in  1906,  immediately 
after  a severe  earthquake.  The  earthquake 
caused  enormous  property  damage,  breaking 
both  gas  and  water  mains.  The  fire  was  prob- 
ably started  by  the  ignition  of  escaping  gas; 
it  spread  fast  and  furiously  because  there  was 
a lack  of  water  with  which  to  fight  it.  The 
fire  was  finally  checked  by  using  dynamite  to 
blow  up  buildings  in  its  path.  Many  fine 
buildings  were  sacrificed  in  this  way.  Reduc- 
ing them  to  rubble,  however,  choked  the 


International  News  Photo 

Fig.  25—1 . Photograph  taken  during  the  night  raid  on  London,  December  29,  1 940.  St.  Paul's 
Cathedral  in  the  background  miraculously  escaped  destruction. 


During  September,  1871,  a dry  wind  blew 
steadily  for  three  or  four  weeks.  TTie  moisture 
evaporated  from  the  woodwork,  leaving  the 
buildings  as  dry  as  kindling.  Early  in  October 
a fire  broke  out  in  the  lumber  district.  Fanned 
by  a strong  wind,  it  soon  got  out  of  control. 
In  a single  night  it  destroyed  the  whole  city 
of  Chicago.  More  than  300  people  lost  their 
lives,  100,000  were  made  homeless,  and  at 
least  17,000  buildings  were  destroyed. 

San  Francisco  has  had  seven  disastrous  fires. 


flames  and  at  least  a part  of  the  city  was  saved. 
As  in  the  Chicago  fire,  the  toll  of  life  was 
heavy  and  28,000  buildings  were  destroyed. 

In  World  War  II,  cities  were  destroyed  by 
fires  started  by  incendiary  bombs.  In  1940 
the  Germans  tried  to  destroy  London  by  fire. 
During  one  night  more  than  100,000  incen- 
diary bombs  were  dropped,  and  when  the 
fires  were  well  started,  high  explosive  bombs 
were  dropped  on  the  burning  buildings  to 
spread  the  flames.  Water  mains  had  been 
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smashed.  Fire-fighting  was  therefore  extremely 
diffieult  and  dangerous.  Many  historie  build- 
ings and  ehurehes  were  eompletely  wreeked, 
and  the  finaneial  losses  eould  seareely  be 
ealeulated. 

But  London  was  not  the  only  vietim  of  fire 
raids.  Before  the  end  of  the  war,  Tokyo,  Ber- 
lin, and  many  other  eities  had  suffered  a fate 
worse  than  that  of  London.  Thus  modern 
warfare  has  introdueed  a new  kind  of  ineen- 


Courtesy  Natioval  Board  of  Fire  Underwriters 


Fig.  25—2.  Fire  fighting. 

diary  terror,  the  deliberate  destruction  of  cities 
by  fire  raids  from  the  air.  Let  us  now  con- 
sider some  of  the  modern  methods  of  fight- 
ing fires. 

Three  Methods  of  Extinguishing  Fires.  You 

may  recall  Lavoisier’s  statement  that  fire  is 
the  result  of  a chemical  reaction  between  a 
combustible  substance  and  oxygen.  This 
statement  gives  the  clue  to  the  control  of  fire 
because,  once  the  nature  of  the  fire  is  under- 


stood, it  can  be  controlled.  Fires  can  be  extin- 
guished in  three  different  ways:  ( 1 ) by  remov- 
ing, the  combustible  material,  (2)  by  cooling 
the^  substance  below  its  kindling  temperature, 
and  (3)  by  excluding  air  from  the  burning 
substance. 

(1)  Removing  Combustible  Material.  This 
is  the  least  important  method  because  it  is 
the  most  difficult.  It  is,  however,  usually  the 
only  way  by  which  a forest  fire  can  be  con- 
trolled. A path  in  front  of  the  fire  is  cleared 
of  undergrowth  and  trees  to  prevent  the  fire 
from  jumping  the  gap. 

(2)  Cooling  a Substance  below  Its  Kindling 
Temperature.  This  method  is  applied  in  the 
Davy  safety  lamp,  where  the  wire  gauze  causes 
the  cooling  effect.  Water  is  commonly  used 
for  cooling  purposes.  Not  only  does  the  water 
cool  a substance  below  its  kindling  temper- 
ature, but  wetting  a substance  makes  it  more 
difficult  to  burn. 

Protection  against  fire  has  long  been  recog- 
nized as  a community  problem.  The  fire  de- 
partments now  organized  in  every  town  c?rry 
a great  deal  of  equipment,  including  powerful 
pumps  that  throw  water  to  a great  height. 
Without  an  ample  supply  of  water,  a fire  de- 
partment is  helpless.  It  was  the  lack  of  water 
that  allowed  the  San  Francisco  fire  to  become 
so  widespread  and  destructive.  To  prevent  a 
repetition  of  this  catastrophe,  large  storage 
tanks  have  been  built  underground  in  San 
Francisco  to  provide  an  adequate  reservoir  of 
water  in  case  of  emergency.  Similar  precau- 
tions have  been  taken  in  other  cities. 

Skyscrapers  present  another  problem  in  fire 
protection.  Even  with  the  most  powerful 
pumps  it  would  be  impossible  to  protect  more 
than  the  lower  floors  of  a very  tall  building. 
Tanks  of  water  are  therefore  stored  under 
the  roof  of  a skyscraper  so  that  in  case  of  fire 
any  part  of  the  building  may  be  flooded  from 
this  reservoir. 

Department  stores  and  large  offices  are 
usually  protected  against  fire  by  a sprinkler 
system  consisting  of  water  pipes  near  the 
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ceiling.  The  pipes  have  openings  or  jets 
sealed  by  an  alloy  v^^ith  a low  melting  point. 
If  a fire  starts,  the  temperature  soon  rises 
high  enough  to  melt  the  alloy,  causing  the 
water  to  flow  out  of  the  jets  and  quench  the 
fire  before  it  has  progressed  very  far. 

(3)  Excluding.  Air  irom  a Burning  Sub- 
stance. This  is  the  most  common  method  of 
extinguishing  a fire.  A blanket,  a rug,  or  even 
a coat  wrapped  tightly  around  a person  will 
at  once  extinguish  the  flames  of  burning  cloth- 
ing. For  this  reason  a blanket  is  often  kept  in 
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examine  some  of  the  properties  of  carbon  di- 
oxide to  see  why  it  is  an  efficient  extinguisher. 

Carbon  Dioxide.  Carbon  dioxide  is  about 
one  and  a half  times  as  heavy  as  air.  Its 
weight  is  an  advantage  in  extinguishing  a fire, 
because  the  gas  will  displace  the  air  and  thus 
smother  the  flame. 

Demonstration  25-2.  Carbon  Dioxide  Displaces  Air. 

Prepare  some  carbon  dioxide  by  arranging  the 
apparatus  as  shown  in  Fig.  25-4.  Pour  some 
dilute  hydrochloric  acid  on  pieces  of  marble  in 
the  generator.  A chemical  action  takes  place, 
producing  carbon  dioxide.  To  tell  when  the  bot- 
tle is  filled  with  the  gas,  hold  a burning  taper 
near  the  mouth  of  the  bottle.  If  the  taper  is 


Fig.  25—3.  On  the  left,  gasoline  is  burning  in  a 
beaker.  On  the  right,  a filter  paper  has  been  placed 
on  top  of  the  beaker.  This  has  prevented  air  from 
entering  the  beaker  and  the  gasoline  flame  is  at 
once  extinguished. 

a laboratory  as  a fire  precaution.  Even  a piece 
of  paper  will  put  out  a fire  if  it  prevents  the 
air  from  getting  to  it,  as  is  shown  in  the  fol- 
lowing experiment: 

Demonstration  25-1.  To  Extinguish  a Gasoline  Fire  by 
Excluding  Air. 

Make  a mixture  of  about  10  cc.  of  gasoline 
and  10  cc.  of  Ixrosene.  Pour  a little  of  the  mix- 
ture into  a one-liter  beaker  and  ignite  it  by  drop- 
ping a burning  match  into  it.  Cover  the  beaker 
with  a large  filter  paper  as  shown  in  Fig.  25-3, 
and  observe  that  the  flame  is  at  once  extinguished. 

Probably  the  most  effective  fire  extinguisher, 
however,  is  carbon  dioxide.  We  shall  now 


Fig.  25—4.  Preparation  of  carbon  dioxide. 


extinguished,  the  bottle  is  full  of  carbon  dioxide. 

Now  balance  a paper  bag  placed  on  the  pan 
of  a chemical  balance  or  a triple-beam  balance, 
and  pour  carbon  dioxide  into  it  as  shown  in 
Fig.  25-5. 


Notice  that  earbon  dioxide  is  so  heavy  it 
can  be  poured  like  water;  it  therefore  sinks  to 
the  bottom  of  the  bag,  thereby  displacing  the 
lighter  air.  The  balance  soon  registers  a 
marked  increase  in  weight. 

If  a burning  match  is  plunged  into  carbon 
dioxide,  it  goes  out  instantly;  the  gas  neither 


oxygen.  Carbon  dioxide  cannot  burnJbecaiise 
it  is  one  of  the  products  of  combustion:  it 
already  has  its  maximum  amount  of  oxygen 
and  is  unable  to  take  up  any  more.  It  is  this 
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Fig.  25—5.  Carbon  dioxide  is  denser  than  air. 


properh\  together  with iis—JieaviftesSj— that 

makes  carbon  dioxide  an  ideal  snb.stance-ioi- 
extinguishing  fires. 

Demonstration  25-3.  Carbon  Dioxide  Extinguishes  Candle 
Flames. 

I Arrange  the  apparatus  as  shown  in  Fig.  25-6, 
in  which  several  small  candles  are  waxed  into  the 
groove  of  a V-shaped  glass  gutter  held  together 
. by  Scotch  tape.  Fill  two  bottles  with  carbon 
I dioxide  and  then  light  the  candles.  Pour  the 
gas  down  the  gutter  and  observe  that  the  candles 
are  extinguished,  one  by  one,  as  the  carbon 
dioxide  reaches  them. 

Fire  Extinguishers.  Fire  extinguishers  are 
j compulsory  safety  devices  in  factories,  pub- 
j lie  buildings,  schools,  airplanes,  and  railroad 
trains.  They  should  be  conveniently  placed  in 
I every  house.  Extinguishers  vary  in  size  and 
||  type,  the  most  common  being  the  soda-acid 
and  foamite  extinguishers.  In  both  types  car- 
j bon  dioxide  is  made  bv  chemical  reactions, 
j.  The  Soda- Acid  Extinguisher.  The  essential 
substances  in  this  extmguisher  are  baking 
K soda  and  an  acid,  usually(^lfuric  aci^  When 


Fig.  25—6.  Carbon  dioxide  is  being  poured  down  the 
trough  and  the  two  upper  candles  have  already  been 
extinguished. 


hydrochloric  or  sulfuric  acid  is  poured  into 
a solution  of  baking  soda,  a brisk  reaction 
takes  place,  producing  carbon  dioxide,  as 
can  be  shown  by  the  limewater  test. 

The  ordinary  extinguisher  is  a copper  vessel 
containing  about  two  gallons  of  baking-soda 
solution.  Near  the  top  of  the  container  is  a 
metal  basket  that  holds  a bottle  of  concen- 
trated sulfuric  acid.  When  the  extinguisher 
is  inverted  the  baking-soda  solution  and  the 
sulfuric  acid  mix;  the  solution  and  the  carbon 
dioxide  are  expelled  through  a small  flexible 
hose  with  considerable  pressure,  and  are  di- 


Fig.  25—7.  A soda-acid  fire  extinguisher. 


r 
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rected  at  the  base  of  the  fire.  The  pressure  is 
great  enough  to  force  the  solution  through  a 
distance  of  about  40  feet.  The  principle  of 
the  soda-acid  extinguisher  can  be  shown  in  the 
following  experiment. 

Demonstration  25-4.  A Home-made  Extinguisher. 

Almost  fill  a small  test  tube  with  dilute  hydro- 
chlorie  aeid.  Plaee  a two-hole  stopper  in  the  test 
tube.  Fasten  the  test  tube  to  the  bottom  of  a 
heavy-walled  bottle  with  rubber  cement.  Pour 
baking-soda  solution  into  the  bottle  until  it  is 
about  three-quarters  full.  Insert  a small  pieee  of 
glass  tubing  in  the  eap  of  the  bottle,  and  attach 
a rubber  tube  and  a glass  jet  to  the  glass  tube. 
Screw  the  cap  on  the  bottle.  The  arrangement 
IS  shown  in  Fig.  25-8. 


Fig.  25—8.  A device  to  show  the  principle  of  the 
fire  extinguisher. 

Invert  the  bottle.  The  liquids  mix,  bubbles 
of  carbon  dioxide  are  formed,  and  the  solution 
is  forced  out  through  the  rubber  tube.  To  test 
the  extinguisher,  put  some  excelsior  on  a metal 
tray,  set  fire  to  it,  and  play  the  stream  on  the  fire. 

The  soda-acid  extinguisher  is  most  useful 
in  dealing  with  fires  of  ordinary  combustible 
materials  like  paper,  wood,  coal,  or  rubbish. 
It  is  unsuitable,  however,  for  gasoline  and  oil 
fr^,  since  the  solution  would  sink  below  the 

gasoline  and  would  probably  cause  the  fire  to 
spread.  Nor  is  it  suitable  for  controlling  elec- 
trical  fires^since  concentrated  sulfuric  acid 


aiyd  sodium  bicarbonate  (baking-soda)  yield 
solutions  that  are  good  conductors  of  elee- 
tricity. 

Gasoline  fires,  whieh  spread  rapidly,  ean  be 
held  in  cheek  by  a thiek  foam  of  earbon 
dioxide  bubbles,  a substanee  usually  called 
foamite  or  firefoam. 

Foamite.  When  solutions  of  baking  soda 
and  alum  are  mixed,  they  react  and  form  a 


Fig.  25—9.  Foamite.  On  the  left,  sodium  bicarbon- 
ate solution  is  being  poured  into  alum  solution  and 
the  foam  is  beginning  to  form.  On  the  right,  foamite 
completely  fills  the  cylinder. 

foam  of  carbon  dioxide  bubbles  that  looks 
like  whipped  cream.  A little  licorice  or  glue 
added  to  the  alum  solution  strengthens  the 
bubbles  so  that  the  foam  will  remain  intact 
for  an  hour  or  so.  Such  a foam  will  even  stick 
to  vertical  surfaces  and  form  a blanket  over 
burning  material. 

Demonstration  25-5.  Preparation  of  Foamite. 

Make  up  an  alum  solution  (80  grams  per  liter) 
and  add  enough  glue  to  make  the  solution  sticky. 
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Also  make  up  a baking-soda  solution  (120  grains 
per  liter) . 

Pour  about  100  cc.  of  the  alum  solution  into 
a tall  glass  cylinder  (about  1 -liter)  and  then  add 
about  100  cc.  of  the  baking-soda  solution.  The 
foam  of  carbon  dioxide  bubbles  rises  to  the  top 
of  the  cylinder,  as  shown  in  Fig.  25-9. 

In  outward  appearance  the  foam-type  extin- 
guisher resembles  the  soda-acid  extinguisher. 
The  alum  solution  and  the  soda  solution  are 


volume  increases  almost  five  hundred  times, 
and  the  gas  is  thus  forced  out  under  consider- 
able pressure.  In  escaping,  the  gas  expands 
and  cools  to  such  an  extent  that  some  of  it  is 
converted  into  dry  ice,  which  aids  in  extin- 
guishing the  fire. 

Carbon  dioxide  gas  is  eflfective  in  ex- 
tinguishing gasoline  fires.  Bottles  of  liquid 
carbon  dioxide  are  placed,  for  example,  near 
the  motors  of  airplanes.  Then  if  a fire  should 


Courtesy  American-La  France-Foamite  Corp. 

Fig.  25—10.  On  the  left,  water  sinks  in  burning  gasoline  and  causes  the  fire  to  spread,  whereas, 
on  the  right,  firefoam  or  foamite  floats  on  the  burning  gasoline  and  extinguishes  the  flame. 


kept  in  separate  containers  and  mix  only  when 
the  extinguisher  is  inverted.  A 2-gallon  extin- 
guisher produces  about  20  gallons  of  foam. 
This  type  of  extinguisher  is  in  common  use 
in  industrial  plants  where  inflammable  liquids 
are  used  or  produced. 

Dry  Carbon  Dioxide.  Unlike  oxygen  and 
hydrogen,  carbon  dioxide  gas  is  easily  lique- 
fied by  pressure.  This  property  makes  it  con- 
venient to  store.  Liquid  carbon  dioxide  is  used 
as  a fire  extinguisher.  When  the  outlet  valve 
of  such  an  extinguisher  is  opened,  the  liquid 
carbon  dioxide  changes  to  gas  instantly.  The 


start  in  the  motor  compartment,  the  carbon 
dioxide  would  automatically  be  released  from 
the  bottles  and  flood  the  compartment. 

Since  carbon  dioxide  slowly  mingles  with 
the  air,  its  smothering  effect  is  not  permanent. 
It  should  therefore  not  be  used  against  sub- 
stances that  are  likely  to  smolder,  such  as 
burning  paper  or  wood,  for  after  the  carbon 
dioxide  has  diffused,  these  substances  may 
burst  into  flame. 

Carbon  Tetrachloride.  Carbon  tetrachlo- 
ride is  the  chief  ingredient  of  liquids  sold 
under  various  trade  names.  It  forms  a heavy 
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noncombustible,  somewhat  poisonous  vapor 
almost  four  times  as  heavy  as  air,  making  it 
even  more  eficient  than  carbon  dioxide  in 
extinguishing  fires.  Because  it  does  not  dam- 
age woodwork,  draperies,  and  upholstery,  it 
is  often  used  as  an  extinguisher  in  homes. 
Only  a little  of  the  liquid  is  usually  needed. 
The  extinguishers  are  therefore  quite  small; 
they  hold  about  a quart  of  the  liquid.  Be- 
cause carbon  tetrachloride  vapor  readily  ex- 
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Demonstration  25-6.  Carbon  Tetrachloride  as  a Fire 
Extinguisher. 

Roll  up  a large  filter  paper,  ignite  it,  and  then 
drop  it  into  a tall  one-liter  beaker.  Pour  some 
carbon  tetrachloride  over  the  burning  paper  to 
extinguish  the  flame.  Notice  the  heavy  vapor 
of  carbon  tetrachloride  in  this  beaker,  which  is 
made  visible  by  the  smoke  particles. 

Pour  about  10  cc.  of  gasoline  into  another 
tall  one-liter  beaker.  Ignite  the  gasoline  and  then 
pour  carbon  tetrachloride  vapor  over  the  gasoline 
flame.  The  flame  is  extinguished  as  soon  as  the 


Courtesy  U.S,  Forest  Service 

Fig,  25—1 1 . Disastrous  forest  fires  may  be  started  by  carelessness. 


tinguishes  oil  and  gasoline  fires,  it  is  usually 
carried  in  airplanes  and  railway  coaches,  and 
sometimes  in  automobiles.  Carbon  tetrachlo- 
ride is  also  effective  in  combating  electrical 
fires,  since  it  does  not  conduct  electricity. 

At  high  temperatures  carbon  tetrachloride 
reacts  with  the  oxygen  of  the  air  to  form 
phosgene,  a highly  poisonous  gas.  Although 
the  amount  of  phosgene  formed  in  an  ordi- 
nary fire  is  relatively  harmless,  users  of  this 
type  extinguisher  should  be  aware  of  the 
danger. 


vapor  settles  on  it.  Remember  that  the  heated 
vapor  can  be  poisonous;  do  not  inhale  it. 

Fire  Losses  in  Canada.  The  destruction 
caused  by  fires  throughout  Canada  has 
steadily  increased,  until  it  has  now  reached 
the  annual  figure  of  about  $70,000,000.  Since 
Canada  is  a heavily  industrialized  country, 
some  serious  fires  in  industrial  plants  may  be 
unavoidable.  But  rigidly  enforced  fire  laws 
safeguard  industries  so  that  they  are  not  the 
chief  cause  of  disastrous  fires.  Statistics  show 
that  75  percent  of  these  appalling  fire  losses 
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are  due  to  carelessness  and  eould  have  been 
pre\ented.  A list  of  all  the  eauses  of  fire 
would  be  \'ery  long;  we  will  give  only  a few  of 
the  major  ones. 

By  far  the  greatest  fire  hazards  are  matches 
and  cigarette  stubs  that  are  thrown  away 
while  still  burning  or  smoldering.  This  item 
alone  costs  the  nation  $6,000,000  a year. 

The  burning  of  thousands  of  houses  every 
year  is  due  mainly  to  relatively  few  causes. 
First,  the  electric  wiring  may  be  defective  so 
that  a hot,  bare  wire  may  come  in  contaet 
with  woodwork.  Or  the  house  may  have  a 
defective  cliimngy  that  allows  red-hot  sparks 
to  pass  through  the  wall  and  strike  against  a 
wooden  floor.  Or  a careless  person  may  forget 
to  disconnect  the  electric  iron  so  that  eventu- 
ally the  ironing  board  is  ignited.  And  finally^, 
a thoughtless  individual  may  throw  a lighted 
match  on  a garage  floor  that  is  saturated  with 
oil  and  gasoline. 

The  sparks  from  the  smokestacks  of  loco- 
motives also  cause  a considerable  number  of 
fires  annually.  Many  forest  fires  are  undoubt- 
edly started  by  theniT  Uamp^rs  who  fail  to 
extinguish  their  fires  must  also  share  the 
responsibility  for  this  steady  drain  on  the 
nation’s  forest  wealth.  Trees  are  important  in 

THINGS  T 

Fires  can  be  controlled  in  three  ways:  (1)  by- 
removing  the  eombustible  material,  ( 2 ) by  cool- 
ing the  substance  below  its  kindling  tempera- 
ture, and  ( 3 ) by  excluding  air  from  the  burning 
substance. 

Carbon  dioxide  is  a good  fire  extinguisher  be- 
cause it  is  heavier  than  air,  and  it  cannot  burn.. 
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many  industries;  paper,  rayon,  and  many 
chemicals  are  made  from  wood.  In  a forest 
fire  trees  that  have  been  growing  from  forty  to 
a hundred  years  can  be  eompletely  destroyed 
in  a few  hours. 

We  have  already  discussed  the  risks  of  spoq- 
taneous  combustion.  Wherever  soft  eoal,  saw- 
dust, and  grain  are  stored,  precautions  should 
be  taken  against  fire. 

Finally,  we  must  not  forget  the  effects  of 
lightning,  which  may  start  fires  in  forests,  oil 
wells,  and  in  wooden  houses  unprotected  by 
lightning  conductors. 

It  is  clear  that  fires  are  easily  started.  Com- 
bustible material  and  oxygen  are  all  around 
us;  all  that  is  needed  to  start  a fire  is  the  spark 
to  raise  the  material  to  its  kindling  tempera- 
ture. 

As  citizens  we  have  a grave  responsibility 
in  preventing  fires.  We  should  be  aware  at 
all  times  of  the  risks,  and  we  should  know 
how  to  act  when  we  see  the  danger.  Every 
Province  protects  its  citizens  in  publie  places 
by  fire  laws.  But  fire  laws  are  not  enough  to 
prevent  disastrous  fires  unless  we  co-operate  at 
all  times.  We  can  do  a great  deal  to  reduce 
this  annual  waste  of  $70,000,000  and  the 
tragic  loss  of  life  that  often  oeeurs. 

REMEMBER  

The  common  types  of  fire  extinguishers  are 
(1)  soda-acid,  (2)  foamite.  (3)  dry  carbon  di- 
oxide, and  (4)  carbon  tetrachloride. 

The  ingredients  in  a soda-acid  extinguisher  are 
baking  soda  and  sulfuric  acid:  in  a foamite  ex- 
tinguisher they  are  baking  soda  and  alum. 


QUESTIONS 


A 

1 . Name  two  fires  that  were  important  in  his- 
tory and  two  disastrous  fires  that  occurred 
in  the  United  States. 

2.  Give  two  reasons  why  carbon  dioxide  is  a 
good  fire  extinguisher. 

3.  Describe  a chemical  test  by  which  carbon 
dioxide  can  be  detected. 


4.  What  are  the  following:  (a)  limewater; 

{b)  foamite?  '' 

5.  Why  is  a soda-acid  extinguisher  unsuitable 
to  fight  a gasoline  fire? 


6.  Why  was  the  burning  of  Moscow  an  im- 
portant turning  point  in  history?  * 

k. 
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7.  {a)  Name  the  three  different  methods  of 

extinguishing  a fire. 

(b)  Describe  an  experiment  that  illustrates 
one  of  these  methods. 

8.  Compare  carbon  dioxide  with  hydrogen  and 
oxygen  with  respect  to  burning.  Why  do 
these  substances  have  the  properties  you 
have  listed? 

9.  Draw  a diagram  of  the  soda-acid  extinguisher 
and  explain  how  to  operate  it. 
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10.  Write  briefly  on  a destructive  fire  that  oc- 
curred in:  (a)  Canada;  {b)  the  United 
States. 

1 1 . State  the  similarities  and  the  differences  be- 
tween the  two  common  extinguishers  that 
generate  carbon  dioxide  by  chemical  action. 

12.  Write  an  essay  on  the  causes  of  fires  and 
fire  prevention. 


PROJECTS 


1.  Visiting  a Fire  Department.  A visit  to  your 
local  fire  department  is  time  well  spent.  Ex- 
amine the  equipment  for  fighting  fires  and 
ask  the  chief  which  safety  devices  should  be 
installed  in  homes  and  public  buildings.  Also 
ask  him  about  the  precautions  to  be  taken  if 
a fire  gets  started  in  your  home  or  in  a hotel 
where  you  may  be  staying. 

2.  Demonstrating  the  Use  of  Fire  Extinguishers. 
It  may  be  possible  to  get  the  fire  department 
to  demonstrate  the  use  of  the  various  ex- 
tinguishers. 

3.  Using  a Soda- Acid  Extinguisher.  Burn  some 
rubbish  in  an  incinerator  on  wasteland  near 

/ 'O 
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the  school.  Invert  the  extinguisher  and  direct 
the  escaping  stream  onto  the  fire.  Remember 
that  the  extinguisher  should  always  be  re- 
charged as  soon  as  it  has  been  used. 

4.  Using  a Carbon  Dioxide  Extinguisher.  Pour 
a little  gasoline  into  a metal  tray.  A galva- 
nized iron  tray  about  2 feet  by  1^  feet  is  con- 
venient. Ignite  the  gasoline  and  then  direct 
a stream  of  liquid  carbon  dioxide  onto  the 
fire.  Notice  that  much  of  the  carbon  dioxide 
escapes  as  a cloud  of  dry  ice. 

This  same  experiment  can  be  repeated  using 
foamite  and  tetrachloride  as  the  extinguishers. 
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OIL  AND  ITS  ORIGIN 


Chapter 


Our  most  important  fuels  today  are  coal 
and  oil.  {Oil  is  here  used  interchangeably 
with  petroleum;  from  crude  oil  or  petroleum 
we  get  such  products  as  gasoline,  kerosene, 
lubricating  oil,  etc.)  Outcrops  of  coal  were 
first  mined  in  the  middle  of  the  13th  century, 
but  oil  had  been  known  for  centuries  before 
that  time.  In  some  places  it  seeped  through 
the  earth  and  formed  pools  of  oil  or  sticky 
puddles  of  tar;  in  others,  oil  vapor  and  natural 
gas  leaked  through  the  rocks  and  caught  fire, 
probably  when  struck  by  lightning.  In  Russia, 
near  the  Caspian  Sea,  such  fires,  fed  by  an 
underground  pool  of  oil,  burned  for  many  cen- 
turies. The  “Eternal  Fires.”  as  they  were 
called,  gave  rise  to  a group  of  fire  worshipers 
who  built  temples  around  them. 

In  Iraq,  once  called  Mesopotamia,  asphalt 
and  tar  were  used  as  mortar  to  hold  brick  and 
stones  together  as  early  as  4000  b.c.  It  was 
also  found  that  boats  calked  with  tar  were 
made  waterproof  and  more  seaworthy,  so  that 
man  dared  to  take  comparatively  long  jour- 
neys by  sea.  The  practice  of  calking  ships  was 
developed  particularly  by  the  Phoenicians, 
who  settled  along  the  north  Syrian  coast  about 
2000  B.c.  They  became  the  merchants  of  the 
Mediterranean  Sea,  bartering  goods  with  the 
Egyptians  and  the  Greeks. 

In  ancient  times  burning  tar  was  used  in 
warfare— it  was  the  parent  of  the  modern 
flame-thrower.  Castles  and  early  cities  were 
I surrounded  by  walls  to  protect  them  against 
I enemies,  and  one  way  of  defending  them  was 


to  pour  burning  oil  on  the  attackers  as  they 
tried  to  scale  the  walls. 

From  earliest  times  oil  was  used  as  a medi- 
cine. The  Egyptians  and  the  American  In- 
dians rubbed  it  on  their  bodies  to  relieve  aches 
and  pains,  and  swallowed  it  to  cure  internal 
disorders. 

Oil  has  long  supplied  light  to  mankind.  At 
first,  reeds  were  dipped  into  oil  and  used  as 
torches.  Later,  oil  was  burned  in  lamps.  The 
early  American  settlers  used  whale  oil  and 
also  oil  that  seeped  from  the  ground  for  their 
lamps,  but  the  supply  was  not  nearly  enough 
for  their  everyday  needs.  When  the  seepage 
oil  was  used  up,  someone  thought  of  digging 
into  the  earth  to  find  the  pools  that  had  sup- 
plied these  surface  deposits. 

This  idea  led  to  one  of  the  world's  largest 
industries.  Many  years  elapsed,  however,  be- 
fore men  succeeded  in  bringing  oil  to  the 
surface,  for  there  were  a number  of  engineer- 
ing problems  to  be  solved.  In  1857.  James  M. 
Williams  was  producing  and  refining  oil  jn 
Lambton  County  in  Western  Ontario.  A 
Toronto  newspaper  “The  Globe”  reported  in 
1858  that  Williams  had  drilled  two  wells,  100 
and  150  feet  deep.  This  marked  the  beginning 
of  North  America's  petroleum  history. 

Williams  was  really  interested  in  getting 
kerosene  from  the  oil  for  use  in  lamps  to  re- 
place the  tallow  candles  and  whale  oil  which 
were  then  in  use.  When  the  internal-combus- 
tion engine  and  the  automobile  were  invented, 
the  demand  for  oil  increased  enormously.  The 
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uses  of  petroleum  products  have  continued  to 
increase,  until  today  petroleum  is  second  only 
to  coal  as  a source  of  energy.  It  furnishes 
power  to  airplanes,  steamships,  and  many  lo- 
comotives; it  is  used  to  heat  thousands  of 
factories,  office  buildings,  hotels,  and  homes; 
as  lubricating  oil  or  grease  it  is  used  on  all 
types  of  machinery.  Indeed,  without  oil  mod- 
ern industry  and  transportation  could  not 
function. 


Courtesy  Imperial  Oil  Limited 
Fig.  26-1.  Early  oil  well,  Lambton  County,  Ontario, 
drilled  in  1863. 


The  Location  of  Oil.  To  meet  the  enormous 
demand  for  oil,  prospectors  have  made  a world- 
wide search  for  it.  Canada  has  over  700,000 
square  miles  of  prospective  oil  territory,  most 
of  which  lies  in  a broad  belt  extending  north- 
west from  the  U.  S.  border  across  the  prairies 
and  up  to  the  Arctic  Ocean.  Alberta  is  the 
leading  province  in  oil  production,  followed  by 
Saskatchewan,  the  Northwest  Territories.  Oja- 
tarjp  and  New  Brunswick.  In  spite  of  growing 
oil  production  in  Canada  the  supply  does  not 
meet  our  needs,  and  geologists  and  engineers 
continue  to  search  for  new  fields. 
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Where  is  oil  found?  So  far  not  even  the  oil 
prospector  has  found  a satisfactory  answer  to 
this  question.  In  the  early  days  the  prospector, 
or  wildcatter  as  he  is  usually  called,  had  little 
evidence  to  help  him  select  a site  for  his  well. 
He  examined  the  lay  of  the  land  and  then 
made  a guess,  which  often  turned  out  to  be 
wrong.  The  average  cost  of  sinking  a well  is 
about  $200,000,  and  no  one  was  eager  to 
gamble  frequently  with  the  stakes  so  high. 
Eventually  it  was  realized  that  the  search  for 


Courtesy  Standard  Oil  Co.  (New  Jersey) 

Fig.  26—2.  Field  geologist  examining  the  dip  of 
the  beds. 


oil  is  a scientific  problem  and  that  the  geolo- 
gist, the  physicist,  and  the  engineer  all  have 
important  contributions  to  make  before  drill- 
ing can  begin.  But  even  today  the  methods  of 
the  scientists  are  far  from  certain;  more  than 
50  percent  of  the  wells  are  dry;  that  is,  they 
do  not  yield  oil. 


The  Geologist  of  Work.  The  geologist 
wishes  to  discover  the  nature  of  the  rock  for- 
mations thousands  of  feet  below  the  surface. 
The  difficulty  is,  of  course,  that  the  only  direet 
observations  he  can  make  are  from  outcrops 
on  the  surface  or  from  cores.  A core  is  ob- 
tained by  a drilling  bit  with  a hole  in  its 
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center.  Core  samples  may  be  2 or  3 inches 
in  diameter  and  from  4 to  20  feet  long.  By 
means  of  such  cores  the  rock  structure  to  a 
depth  of  se\’eral  thousand  feet  can  be  ex- 
amined. 

Two  conditions  are  essential  for  the  forma- 


Fig.  26— 3A.  Impervious  rock  folded  into  an  anticline 
forms  a trap  for  oil. 

tion  of  oil— a source  bed  and  a trap.  The 
source  bed  is  a sedimentary  rock,  usually  sand- 
stone, that  was  once  the  floor  of  an  ancient 
sea.  Since  petroleum  is  generally  supposed  to 
be  caused  by  the  decomposition  of  fish  and 
plants  that  lived  in  this  sea,  it  is  not  surprising 
that  salt  water  is  always  found  with  oil. 


j • The  primary  source  of  oil  is  microscopic 
plants  called  diatoms.  As  stated  in  Chapter 
6,  diatoms  extract  silica  from  sea  water  and 
build  beautifully  patterned  shells.  Inside 
these  shells  are  the  living  plants  which  con- 

tain  a droplet  of  oil.  When  the  diatoms  die, 
they  sink  to  the  sea  floor,  carrying  the  oil  with 
them.  Here  they  are  compressed  by  addi- 
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tional^  deposits  through  geologicaj  a^es,  and 
crude  oil  results.  If  this  oil-bearing  rock  is 
raised  by  an  earth  movemenL  it  becomes  a 
source  of  petroleum. 

Tt^e^trap  is  an  obstruction  against  which 
the  oil  accumulates.  It  is  due  to  peculiar  rock 
formations  such  as  folding  or  faults.  To  find 
geological  oil  traps  the  geologist  examines 
the  terrain,  looking  for  outcrops  of  hard  lime- 


Courtesy  Western  Canada  Petroleum  Association 

Fig.  26-4.  How  a seismograph  records  the  under- 
lying earth  structure. 

stone,  which  is  a common  cap  rock.  To  get 
more  information,  he  may  obtain  a sample  of 
the  earth’s  crust  by  means  of  a core  drill.  As 
the  drill  grinds  through  the  earth  the  core  is 
packed  into  the  pipe  and  can  be  lifted  out. 
In  examining  the  core  the  geologist  learns  a 
great  deal  about  the  composition  and  the  age 
of  the  rocks  below  the  surface.  He  then  calls 
in  the  physicist,  who  obtains  still  more  in- 
formation by  means  of  a seismograph. 

A seismograph  is  an  instrument  that  records 
earthquakes.  In  searching  for  oil,  a little  earth- 
quake is  actually  made  by  exploding  dynamite 
buried  in  the  ground.  From  the  seismograph 
readings  the  physicist  can  determine  whether 
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conditions  are  favorable  for  an  accumulation 
of  oil.  With  all  of  this  information  the  geolo- 
gist may  recommend  that  drilling  begin. 

Drilling  for  Oil.  Drilling  is  a long  and  expen- 
sive operation.  First  a derrick,  a steel  struc- 
ture from  150  to  200  feet  tall,  is  erected  for 
handling  the  drilling  equipment.  A bit  is  used 
to  eut  through  rock  in  the  same  way  as  a car- 
penter’s drill  bores  through  wood.  Samples 
of  mud  are  constantly  brought  to  the  surface 
and  examined  for  minerals  and  oil.  The  speed 
of  drilling  depends  on  the  nature  of  the  rock. 
Through  hard  rock  the  distance  may  be  only 


Courtesy  Imperial  Oil  Limited 

Fig.  26-5.  Portable  drilling  rig. 

a few  feet  a day;  through  soft  rock  it  may  be 
more  than  loo  ket  a day.  In  deep  wells,  espe- 
cially if  considerable  hard  rock  is  encoun- 
tered, drilling  may  take  from  nine  to  twelve 
months.  When  oil  is  struck,  the  drill  is  re- 
moved and  the  crude  oil  rushes  to  the  surface. 

Transportation  of  Oil.  From  the  wells  oil 
is  piped  to  storage  tanks  in  the  oil  field.  From 
there  it  is  conducted  by  larger  pipes  to  the 
refineries,  which  may  be  nearby  or  more  than 
a thousand  miles  away.  The  oil  is  kept  flow- 
ing in  the  lines  by  means  of  pumps. 

There  are  almost  3,000  miles  of  oil  pipe- 
lines in  Canada.  The  longest  of  these  is  the 


FI  RE  AND  FUELS 


Courtesy  Ohio  Oil  Co. 

Fig.  26-6.  A rotary  bit  used  in  drilling  for  oil. 


1,126-mile  “Interprovincial”  pipeline  from  Ed- 
monton to  Lake  Superior.  This  line  delivers 
over  4,000,000  gallons  a day  to  Superior,  Wis- 
consin. Here  it  is  loaded  on  the  largest  fresh- 
water tankers  in  the  world  and  earried  to  re- 
fineries at  Sarnia,  Ontario.  En  route,  the 
“Interprovincial”  supplies  refineries  at  Rose- 
town,  Regina,  Moose  Jaw,  Brandon  and  Win- 


Courtesy  Imperial  Oil  Limited 


Fig.  26-7.  Constructing  on  oil  pipeline. 
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OIL  PIPELINES  IN  CANADA 

CRUDE  OIL  PIPELINES 
• •••••  PRODUCT  PIPELINES 
■ BHI  TANKER  ROUTES 


Fig.  26-8.  Canada's  growing  pipeline  system  carries  crude  oil  to  distant  refineries. 


nipeg.  Another  pipeline  earries  oil  from  the 
Alberta  fields  across  the  Rocky  Mountains  to 
refineries  in  Vancouver. 

Fractional  Distillation.  Crude  oil  is  a mix- 
ture of  several  substances,  including  gasoline, 
kerosene,  fuel  oil,  and  lubricating  oil.  In  the 
crude  state  oil  is  quite  useless.  Before  it  can 
be  used  to  drive  a car,  heat  a house,  or  lubri- 


cate machinery,  it  must  be  separated  into 
useful  fractions.  The  process  of  separating  a 
mixture  of  liquids  into  fractions  is  called 

fractional  distillation.  This  process  is  similar 
to  ordinary  distillation,  except  that  a tall 
fractionating  column  (see  Fig.  26-9)  is  placed 
between  the  boiler  and  the  condenser. 

In  the  refining  process  crude  oil  is  first 
heated  to  a temperature  of  about  800°  F. 


1 


Name  of  Fraction 

Condensation  , 

Temperature 

Uses  of  Fraction 

1.  Gasoline 

About  150°  F. 

Fuel  for  automobiles  and 
planes 

Illuminant;  fuel  for  stoves 
and  jet  planes 

2.  Kerosene 

About  300°  F. 

3.  Fuel  oil 

About  500°  F. 

Fuel  for  furnaces  and 
Diesels 

4.  Lubricating  oil 

5.  Vaseline  and 

About  600°  F. 

Lubricants 

paraffin  wax 

About  700°  F. 

Ointments  and  candles 

6.  Asphalt  and  tar 

Residue 

Road  construction  and 
roofing 
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The  hot  vapors  enter  the  fractionating  tower 
near  the  bottom.  As  they  rise  up  the  tower 
they  become  cooler  and  condense,  collecting 
on  trays  at  various  levels.  The  highest  boil- 
ing  fraction  condenses  near  the  bottom,  where 


Courtesy  Standard  Oil  Co.  (New  Jersey) 

pig.  26-9.  A fractionating  tower. 
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the  tower  is  hottest;  and  the  lowest  boiling 
fraction  condenses  near  the  top,  where  it  is 
coolestnTere  are  usually  six  outlets  inTFe 
tower  to  carry  off  the  fractions  as  shown  in  the 
table  on  page  237. 

Gasoline.  Gasoline  is  a low-boiling  mixture 
of  several  hydrocarbons  ( compounds  of  hydro- 
gen and  carbon),  including  pentane,  hexane, 
heptane,  and  octane.  Since  gasoline  vaporizes 
easily,  it  is  used  in  the  internal-combustion 
engines  of  airplanes  and  automobiles.  The 
chemical  reaction  that  takes  place  is: 

hexane  + oxygen  — > carbon  dioxide  -f  watei 
vapor 

Because  gasoline  is  highly  inflammable,  it  is 
unsuitable  for  use  as  a household  fuel. 

Kerosene.  Kerosene,  like  gasoline,  is  a mix- 
ture of  several  hydrocarbons.  It  has  a high 
boiling  point  and  is  difficult  to  vaporize.  Since 
it  is  not  easily  vaporized  by  a carburetor,  it  is 
not  a suitable  fuel  for  the  ordinary  internal- 
combustion  engine.  It  is  used,  however,  as  a 
fuel  in  jet  planes  and  also  in  oil  stoves  and 
lamps. 

Fuel  Oil.  Fuel  oil  is  another  fraction  of 
crude  oil,  or  petroleum.  It  is  more  difficult  to 
vaporize  than  kerosene;  indeed,  it  can  be 
burned  only  as  a fine  spray,  and  as  such  it  is 
used  in  heating  houses  and  in  Diesel  engines. 

Lubncdtn^  Oil.  Lubricating  oil  is  more 
difficult  to  vaporize  than  fuel  oil.  This  property 
is  an  advantage,  however,  because  the  oil 
would  lose  its  effectiveness  as  a lubricant  if  it 
were  evaporated  by  the  heat  of  friction  of  the 
moving  parts. 

Asphalt.  A viscous  black  substance  collects 
at  the  bottom  of  the  fractionating  tower.  This 
is  asphalt  and  tar,  which  are  used  in  road 
building  and  in  the  roofing  of  houses. 

Cracking  of  Petroleum.  The  automobile 
and  airplane  industries  depend  almost  entirely 
on  gasoline.  Even  when  aviation  was  in  its 
infancy,  the  supply  of  natural  gasoline  (that 
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is,  gasoline  obtained  from  crude  oil  by  distilla- 
tion ) was  so  far  below  the  demand  that  it  be- 
came necessar}'  to  find  a method  of  increasing 

it.  Indeed,  if  scientists  had  not  solved  this 
problem,  the  development  of  the  airplane 
would  have  been  seriously  hampered. 

Chemists  turned  their  attention  to  the  kero- 
sene fraction,  since  kerosene  was  then  in  least 


demand.  They  thought  that  if  the  long 
molecules  of  the  kerosene  fraction  could  be 
broken,  or  ^mcke^  gasoline  might  be  one  of 
the  products.  In  cracking,  keroseng  (or  fuel 
oil)  is  subjected  to  a high  temperature  and  a 

high  pressure  at  the  same  time.  The  high  pres- 
sure forces  the  molecules  together  and  in- 
creases the  number  of  collisions;  the  high 
temperature  increases  their  speed  and  forces 
them  apart. ^The^^mlecules  _theiL_break  under 
this  strain. 

In  the  eracking  process  the  vapors  pass  from 
the  boiler  to  a fractionating  tower,  as  shown  in 
Fig.  26-10.  Here  the  unbroken  molecules  of 
kerosene  are  condensed^and  returned  to  the 
boiler  for  further  heating.  The  ^SQliBLS.^^or 
passes  through  the  tower  and  is  condensed  fur- 
ther along  the  line. 

Cracking  is  a relatively  recent  development. 
Twenty-five  years  ago  almost  all  gasoline  was 
obtained  by  fractional  distillation;  today  nearly 
50  percent  of  the  gasoline  used  in  the  United 
States  is  obtained  by  cracking. 


Courtesy  Universal  Oil  Products  Co. 

Fig.  26—1  1 . A commercial  cracking  plant.  Fractionating  towers  are  in  the  center.  On  the  left 
are  oil  heaters  and  in  the  background  are  tanks  to  store  the  gasoline. 
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Octane  Rating.  A knock  in  the  engine  of  an 
automobile  occurs  when  gasoline  in  the  cyl- 
inderTbrnn^oo  rapidly^^^^^i^ates  a sudden 
expansion  of  the  gases,  which  results  in  a 
severe,  hammerlike  blow  upon  the  piston. 
Knocking  causes  both  a loss  of  power  ancLan 
overheated  engiiie,  and  thus  prevents  the_en- 
gine  from  working  smoothly  and  efficiently. 

Gasolines  vary  from  one  well  to  another, 
some  having  higher  antiknock  values  than  oth- 
ers.  Octane,  for  example,  has  a high  antiknock 
value,  whereas  heptane  has  a low  antiknock 
value.  In  other  words,  if  octane  is  used,  there 
is  little  knock  in  the  engine;  if  heptane  is  used, 
there  is  a marked  knock.  The  antiknock  quali- 
ties of  a gasoline  are  measured  by  a scale  on 
which  pure  octane  is  rated  as  100  and  heptane 
is  rated  as_z£ro.  If  the  antiknock  quality  of  a 
gasoline  is  equivalent  to  that  of  octane,  the 
octane  number  of  this  gasoline  is  said  to  be 
100.  Similarly,  a gasoline  with  an  octane  num- 
ber of  80  behaves  like  a mixture  of  80  percent 
octane  and  20  percent  heptane. 

Ordinary  gasoline  has  an  octane  number  of 
about  75,  high-test  gasoline  about  85,  and  avia- 
tion fuel  at  least  90.  Some  aviation  fuels  have 
numbers  above  100,  which  means  that  their 
antiknock  properties  are  better  than  those  of 
pure  octane. 

The  octane  rating  of  a gasoline  may  be  in- 
creased by  the  addition  of  some  other  liquid 
fuel.  In  Europe  large  quantities  of  benzene, 
obtained  from  coal,  are  used  for  this  purpose. 
In  the  United  States  tetraethyl  lead  is  usually 
added,  and  the  gasoline  is  calledjct/iyZ  ^asolinej 
Tetraethyl  lead  is  a highly  poisonous  liquid, 
but  even  one  part  of  it  in  a thousand  parts  of 
gasoline  greatly  improves  the  octane  rating  of 
the  fuel. 


Synthetic  Gasoline.  In  countries  like  Eng- 
land and  Germany,  where  there  is  little  oil  but 
a great  deal  of  coal,  coal  is  converted  into  gaso- 
line by  a chemical  process.  It  was  found  that 
synthetic  gasoline  could  be  made  by  heating 
powdered  coal,  which  is  mostly  carbon,  with 


hydrogen.  Under  the  right  conditions  hydro- 
gen atoms  attach  themselves  to  carbon  atoms 
and  form  hydrocarbon  molecules  thal  eanjDe 
us^d  in  internabcombustion  engines . Gasoline 
made  in  this  way  is  more  expensive  than  dis- 
tilled or  cracked  gasoline. 

Synthetic  gasoline  is  manufactured  also  in 
Canada.  If  the  natural  supply  of  oil  becomes 
seriously  depleted,  the  manufacture  of  syn- 
thetic gasoline  may  develop  into  an  important 
industry.  Our  large  deposits  of  lignite,  a crude 
form  of  coal,  would  probably  supply  the 
needed  gasoline  for  many  centuries. 

The  World's  Oil  Supply.  Although  oil  is 
found  in  many  places,  most  of  it  is  concen- 
trated in  four  large  regions,  all  near  inland 
seas.  Probably  the  most  important  oil  region 
is  the^'eastern  end  of  the  Mediterranean  Sea, 
including  lands  near  the  Caspian  Sea,  the  Red 
Sea,  the  Black  Sea,  and  the  Persian  Gulf. 
Rich  oil  deposits  in  this  region  are  found  in 
Iran,  Iraq,  Arabia,  Romania,  and  southwestern 
Russia.  The  second  most  important  oil  region 
lies  around  th??  Caribbean  Sea  and  the  Gulf 
of  Mexico.  It  includes  Mexico,  Venezuela, 
Colombia,  and  the  states  of  Texas  and  New 
Mexico.  A third,  less  important,  region  is  the 
islands  of  Java  and  Sumatra  in  the  East  Indies 
and  the  Malay  States  and  Burma.  A fourth 
region,  now  being  actively  developed,  i^west- 
ern  Canada.  Several  important  oil  fields  have 
been  discovered  in  Alberta,  and  discoveries 
have  also  been  made  in  British  Columbia, 
Saskatchewan  and  Manitoba.  Since  1947 
prairie  oil  reserves  have  increased  nearly  30 
times  and  it  has  now  been  proved  that  Canada 
possesses  one  of  the  world’s  major  oil  fields. 

Oil  Production  in  Canada.  Canada  has  long 
been  dependent  on  imported  oil  to  supply  her 
needs.  However,  oil  production  from  the  west- 
ern fields  is  increasing  at  a rapid  pace  and  the 
day  may  come  when  Canada  will  be  self-suffi- 
cient in  oil.  In  1951  Canada’s  oil  production 
was  nearly  50,000,000  barrels  ( 1 barrel  = 35 
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Fig.  26-12.  Canada's  chief  centers  of  oil  production  are  Alberta,  Saskatchewan,  the  North- 
west Territories,  Ontario,  and  New  Brunswick. 


: Imperial  gallons)  but  she  used  nearly  150,000,- 

000  barrels  of  oil  produets. 

Besides  the  known  oil  fields  Canada  has  a 
li  huge  reserve  in  the  Athabaska  tar  sands.  This 
j,  area  eonsists  of  some  10,000  square  miles  of 
oil-bearing  sand  as  mueh  as  200  feet  deep.  So 
: far  no  eeonomieal  method  of  reeovering  the  oil 
I has  been  diseovered  but  nearly  all  oil  men 


I 


THINGS  TO 


ijames  M.  WiUiamsIwas  producing  and  refining 
I oil  in  1857. 

The  two  essential  geological  conditions  for  the 
I formation  of  oil  are  a souree  bed  and  a tra^. 
h A source  bed  is  the  floor  of  an  ancient  sea; 
1 a trap  is  an  obstruction  that  encloses  the  oil. 

I'l  j Oil  was  probably  formed  by  the  decomposition 
of  fish  or  diatoms, 


believe  that  the  problem  will  some  day  be 
solved.  When  that  day  arrives  Canada  will 
have  a tremendously  rieh  resouree,  perhaps  a 
hundred  billion  barrels  of  oil— enough  to  sup- 
ply  die_  whole 

The  tar  sands  alone  seem  to  be  an  answer  to  the 
fear  that  the  world,  if  the  present  rate  of  eon- 
sumption  eontinues,  will  soon  run  short  of  oil. 


REMEMBER  

Fractional  distillation  is  a method  of  sepa- 
rating liquids  with  widely  different  boiling  points. 

Crude  petroleum  is  refined  to  give  the  frae- 
tions  ( 1 ) gasoline,  ( 2 ) kerosene.  ( 3 ) fuel  oil. 
(4)  lubrieating  oil,  and  (5)  vaseline  and  paraffin 
wax. 

Gasoline  is  a mixture  of  pentane^  hexane, 
heptane,  and  oetane, 
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Octane  rating  indicates  the  antiknock  value  of 
gasoline. 

Cracking  is  a process  whereby  the  long  mole- 
cules of  kerosene  and  fuel  oil  are  broken  into 
smaller  moleeules  to  form  gasoline. 

The  world’s  oil  supply  is,  for  the  most  part, 
located  in  four  regions : ( 1 ) the  Eastern  Medi- 


1.  {a)  In  what  provinees  do  the  major  oil 

fields  lie? 

{b)  What  is  the  estimated  potential  of  the 
Athabaska  tar  sands? 

2.  What  are  diatoms? 

3.  What  is  the  purpose  of  fraetional  distilla- 
tion? 

4.  What  is  gasoline? 

5.  Why  is  fuel  oil  not  generally  used  in  the 
internal-combustion  engine? 
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terranean  basin,  (2)  the  Caribbean  and  Gulf  of 
Mexieo  basin,  (3)  the  East  Indies  basin,  and 
(4)  The  North  Polar  basin. 

The  Athabaska  tar  sands  hold  one  of  the 
world’s  greatest  oil  reserves,  an  assuranee  against 
any  future  oil  shortage. 

L 

IONS 

6.  What  is  meant  by  craeking? 

7.  Name  the  four  large  regions  in  the  world 
where  oil  is  abundant. 

B 

8.  Explain  how  oil  deposits  were  formed  from 
the  oil  in  diatoms. 

9.  Explain  the  use  of  the  fraetionating  tower 
in  the  eraeking  process. 

10.  What  is  meant  by  the  oetane  rating  of  gas- 
oline? 
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Modern  civilization  depends  on  the  opera- 
tion of  millions  of  machines.  Machines  are 
driven  by  engines;  engines,  in  turn,  usually  ob- 
tain their  energy  from  water  power  or  from  a 
fuel  such  as  coal,  petroleum,  or  natural  gas. 
Coal  is  the  greatest_spurce  of  energy— it  sup- 
plies \75  percent  of  the  energy  used  in  the 
world.  Coal  heats  more  than  half  the  build- 
ings in  the  United  States;  it  drives  about  70 
percent  of  the  locomotives  on  railroads;  it  is 
used  by  thousands  of  ships;  it  provides  more 
than  50  percent  of  the  electric  power  sent  over 
transmission  lines.  Indeed,  the  industrial 
might  of  the  United  S_tates_depends  on  coal. 

Early  Coal  Mining  in  England.  The  use  of 

coal  in  industry  began  in  England  early  in  the 
llISTh  centuryd  Before  that  time  the  English 
used  charcoal  in  the  smelting  of  iron,  but  most 
of  the  forests  that  supplied  the  wood  to  make 
charcoal  were  soon  destroyed.  As  a result 
the  blast  furnaces  were  transferred  from  the 
wooded  regions  of  southern  England  to  the 
north,  where  there  were  known  deposits  of 
coal.  With  the  use  of  coal  instead  of  charcoal, 
the  output  of  iron  increased  rapidly,  and  Eng- 
land became  the  leading  industrial  nation  of 
the  world.  Indeed,  this,  was_the„beginning  of 
the  Industrial  Revolution  in  England. 

, ' Coal  minmg.  p,resfinted,,riew,  engine,^ 
"T^roblems.  J or  the  first  time  men  had  to  work 
far  below  the  earth’s  surface,  where  they  were 
exposed  to  new  dangersr-The  first  problem 
was  proper^vcntz'/dtion.  and  it  was  many  years 


before  powerful  fans  were  invented  that  could 
drive  fresh  air  into  all  parts  of  a mine.  Then 
there  was  the  danger  of^exUosion.  This  dan- 
ger, as  we  have  learned,  was  greatly  reduced 
whenfSir  Humphry  DaW invented  the  safety 
lamp.  Finally,  there  was  danger  homiioodins,. 
During  mining  operations,  water  trapped 
within  rock  strata  is  often  released,  and  enor- 
mous quantities  of  it  must  constantly  be 
pumped  out  to  prevent  flooding  of  the  mines. 
In  some  mines  as  much  as  20  tons  of  water 
are  pumped  out  for  each  ton  of  coal  brought 
to  the  surface.  In  the  early  days  of  coal  min- 
ing, men  were  often  drowned  while  at  work; 
sometimes  a mine  became  unworkable  because 
of  flooding.  A practical  stationary  steam  en- 
gine that  operated  pumps  and  prevented  flood- 
ing was  made  bynames  WattJ  Watt’s  steam 
engine  was  as  important  a contribution  to  coal 
mining  as  was  Davy’s  lamp,  which  was  in- 
vented almost  fifty  years  later. 

Early  Coal  Mining  in  America.  At  the  time 
of  the  Industrial  Revolution  in  England  the 
American  colonists  were  blazing  trails  in  the 
New  World.  They  were  occupied  in  fighting 
Indians  as  well  as  in  making  a living  out  of 
the  soil.  Their  life  was  largely  agricultural, 
and  the  vast  forests  supplied  the  wood  for 
heating  and  cooking.  It  is  doubtful  whether 
they  felt  a need  for  coal. 

Records  show  that  the  first  coal-mining  oper- 
ation in  America  was  started  in  Nova  Scotia., 
by  the  French,  when  the  famous  Fortress  of 
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Louisburg  was  being  built  in  1720.  In  1750  an 
English  company  operated  a coal  mine  near 
Richmond,  Virginia,  but  at  that  time  most  of 
the  coal  used  in  the  towns  along  the  Atlantic 
coast  came  from  England  or  Nova  Scotia. 

Coal  and  transportation  have  always  been 
closely  associated  in  the  development  of  North 
America.  The  first  railroads  in  America,  built 
in  Nova  Scotia  for  horse-drawn,  cars>  were  for 
the  transportation  of  coal  from  the  mines  to* 
the  wharfs.  The  development  of  railroads  and 
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the^^b(^iferou^  This  was  a time  when  large 
areas  of  the  earth’s  surface  were  near  sea  level. 
Over  these  areas  great  swamps  had  spread  in 
which  grew  enormous  quantities  of  plant  life. 
As  the  land  slowly  subsided,  the  sea  flooded 
the  swamps,  burying  the  plant  material  and 
depositing  sand  or  mud  over  it.  In  the  course 
of  time  the  land  was  raised  above  sea  level, 
and  other  vegetation  grew  in  the  sediment  of 
mud  and  sand  over  the  buried  plant  material. 
Still  later  the  land  again  subsided,  the  sea 


Chicago  Natural  History  Museum 

Fig.  27—1 . A Carboniferous  forest,  a collection  of  gigantic  ferns,  rushes,  and  club  mosses. 


steamships  enabled  the  coal  industry  to_£x- 
pM^  rapidly.  This  step  marked  the  beginning 
of  the  Industrial  Revolution  in  North  America . 

The  Origin  of  Coal.  Coal  was  formed  mil- 
lions of  years  ago  from  plant  materials  that 
were  crushed  and  decomposed  under  deposits 
of  sand  and  mud.  The  conversion  of  vegeta- 
tion to  coal  is  a slow  process,  for  it  requires 
enormous  pressures  and  fairly  high  tempera- 
tures applied  through  many  centuries.  It  is 
one  of  the  wonders  of  nature. 

The  world’s  greatest  coal  beds  were  formed. 

during  that  part  of  the[Faleozoic  era^known  as 


again  flooded  the  region,  and  mud  and  sand 
were  again  deposited.  Subsequent  high  pres- 
sure and  temperature  slowly  converted  the 
vegetation  into  coal,  the  mud  into  shale  or 
slate,  and  the  sand  into  sandstone.  For  this 
reason  coal  is  found  in  beds,  or  seams,  which 
are  separated  from  one  another  by  layers  of 
rock. 

The  coal  beds  vary  in  thickness  from  about 
one  foot  to  as  much  as  50  feet.  Every  coal 
seam  represents  a long  period  of  growth  fol- 
lowed by  a slow  subsiding  of  the  land.  In 
some  coal  fields  there  are  many  seams  one 
above  another.  In  some  places  in  West  Vir- 
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ginia,  for  example,  there  are  as  many  as  thirty 
separate  coal  beds. 

There  are  several  \ arictics  of  coal^  the  most 
important  of  which  are  softJlQal,  or 
nous^codl,  and  hard  coal,  or  dMhracite.  TIig 
\arieties  of  coal  formed  at  the  different  stages 
of  its  de\  elopment  show  a steady  increase  in 
the  carbon  content.  Wood  (about  50  pereent 
carbon)  changes  to  peat  (about  60  pereent 
carbon),  which  changes  to  lignite  (about  70 
percent  carbon),  which  changes  to  bitumi- 
nous coal  (about  80  percent  carbon),  which 
changes  to  anthracite  (about  90  percent 
carbon).  A ^ill  later  stage  is  the  formation 
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oL_grilplhte  (about  100  percent  carbon) . 
Graphite  is  used  in  lead  pencils. 

Kinds  of  Coa\ /'Peat  is  the  first  stage  in  the 
conversion  of  vegetable  matter  to  coal.  It  is 
found  in  bogs  in  many  parts  of  the  world,  par- 
ticularly in  Ireland.  It  is  dried  in  the  sun  and 
used  as  a/ fuel | 

Lignite  is  a dark  brown  substance  between 
peat  and  a true  coal.  It  is  not  a good  fuel 
because  of  its  low  carbon  content.  It  is  satis- 
factory for  making  jsvnthetic~gasoTnr^l  how- 
ever, and  in  Europe  it  is  used  for  this  purpose. 
Enormous  quantities  of  lignite,  largely  un- 


Courtesy  Alberta  Government 

Fig.  27-2.  Dragline  loading  coal  in  strip  mining  operation  at  Mannix  Grassy  Mountain, 

Blairmore,  Alberta. 
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tapped,  lie  in  Wyoming,  North  Dakota,  Col- 
orado, and  Montana. 

Bituminous  coal  is  the  most  important  eoal. 
It  burns  easily  and  is  widely  used  as  a Ifuellto 
supply  heat  and  power.  When  distilled,  it 
gives  off  gases  and  tars  that  are  used  in  many 
ehemical  industries. 

^ Anthracite  is  much  less  important  as  an  in- 
dustrial fuel  than  bituminous  coal,  its  uses 
being  limited  to  di eating  and  cooking)  Almost 
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Most  coal,  however,  is  obtained  from  under- 
ground mines.  The  modern  mine  is  carefully 
planned  to  give  the  maximum  working  space 
for  the  miners.  First,  a vertical  shaft  is  sunk 
to  the  level  of  the  coal  seam.  Then  main 
streets  are  excavated  leading  to  the  coal  beds, 
and  cross  streets  are  dug  through  the  beds 
themselves.  The  streets  are  the  traEc  lanes 
and  are  arranged  in  much  the  same  way  as  the 
streets  of  a city. 


Courtesy  Bituminous  Coal  Institute 

Fig.  27—3.  A cutting  machine  making  a vertical  gash.  Notice  the  horizontal  gash  that  has 
already  been  cut  at  the  top  of  the  coal  seam. 


all  the  important  anthracite  beds  in  the 
United  States  are  in  northeastern  Pennsyl- 
vania. 

Coal  Mining.  When  the  coal  beds  lie  near 
the  surface,  giant  Diesel  shovels  strip  off  the 
covering  of  earth  and  expose  the  coal.  The 
coal  is  then  broken  up  by  explosives,  scooped 
up  by  shovels,  and  loaded  on  railway  cars. 
This  method,  called  strip  minmg,  is  common 
in  Illinois  and  Indiana, 


Excavations  are  then  made  at  right  angles 
to  the  streets  and  are  enlarged  to  form  the 
rooms  in  which  the  miners  work.  As  coal  is 
removed,  the  roof  is  supported  by  wooden  or 
steel  props  to  keep  it  from  falling  in. 

Removing  Coal.  Coal  is  r_emoved  from  the 
mines  mostly  by  machines.  First  a cutting  ma- 
chine, with  rapidly  moving  blades,  makes  a 
horizontal  gash  about  10  feet  deep  along  the 
bottom  of  the  coal  seam.  A horizontal  gash 
is  then  made  at  the  top  of  the  seam,  followed 
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by  a vertical  gash  through  it.  Since  the  cutting 
causes  a great  deal  of  coal  dust,  water  is 
sprayed  on  the  teeth  of  the  machine  to  pre- 
vent explosions  by  spontaneous  combustion. 
Holes  are  then  drilled  into  the  coal  face  and 
packed  with  an  explosive,  which  is  set  off  by 
electricity.  A single  explosion  may  blast  from 
10  to  20  tons  of  coal  from  the  coal  face.  The 
coal  is  then  loaded  on  cars  and  carried  to  a 
main  underground  assembly  yard.  The  cars 
are  hauled  by  an  electric  locomotive  to  the 
foot  of  the  shaft  and  raised  to  the  surface. 

The  main  streets  of  the  mine  are  usually  il- 
luminated by  electric  lights,  but  at  the  coal 
face  the  miner  uses  only  the  electric  lamp  and 
dr^^  battery  which  he  carries.  The  lamp  is  on 
his  protective  helmet,  and  the  battery  is  at- 
tached to  his  back.  The  Davy  lamp  is  still 
used  in  mines,  but  chiefly  as  a safety  measure 
when  testing  for  firedamp,  as  we  learned  in 
Chapter  24.  When  firedamp  is  present  a blue 
cap  appears  on  the  flame,  and  from  the  size 
of  the  flame  the  percentage  of  methane  can  be 
calculated. 

Safety  Measures.  The  ever-present  danger 
of  gas  explosions  makes  it  necessary  to  enforce 
certain  precautions  against  it.  No  open  flame 
is  permitted  in  the  mine,  smoking  is  pro- 
hibited, and  men  entering  the  mine  are  for- 
bidden to  carry  matches.  However,  most 
accidents  in  coal  mines  are  caused,  not  by  ex- 
plosions, but  by  falling  roofs.  Each  miner  is 
therefore  required  to  wear  a stiff  helmet  to 
protect  him  from  a falling  roof  or  a low  ceil- 
ing. 

Another  hazard  in  coal  mines  is  an  explo- 
sion due  to  the  coal  dust  created  by  cutting 
machines  and  by  loading  the  coal  on  cars. 
Coal  dust  suspended  in  the  air  may  be  ignited 
by  spontaneous  combustion  or  by  the  explo- 
sion of  a blasting  charge.  The  ignition  of  the 
suspended  dust  may  spread  to  the  dust  on  the 
floor  and  walls,  which  in  turn  may  explode. 
-Disasters  of  this  kind  can  be  prevented  if  rock 
dust,  such  as  powdered  limestone,  is  scattered 
on  the  walls  and  floor  of  the  mine.  This 
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procedure  localizes  an  explosion.  Rock  dust 
thrown  into  the  air  by  an  explosion  mixes 
with  the  coal  dust.  Being  incombustible,  the 
rock  dust  prevents  the  explosion  from  spread- 
ing throughout  the  mine. 

Distillation  of  Coal.  Coal  is  not  only  used  as 
a fuel,  but  large  quantities  are  also  used  to 
form  coke,  tar,  and  coal  gas.  If  coal  is  heated 
in  a closed  vessel,  it  cannot  burn  because  there 
is  no  oxygen.  Instead  it  is  baked,  and  it  then 
decomposes  into  three  substances:  a solid  resi- 
due called  coke,  a liquid  called  tar,  and  a gas 
called  coal  ^as.  The  process  by  which  these 
substances  are  obtained  is  known  as  destruc- 


Fig.  'll— A.  Destructive  distillation  of  coal. 


tive  distillation,  the  third  of  the  distillation 
processes.  De^ructiye  distillation  is  the^de- 
comt>osition  of  a complex  substance  hv  hent 
and^he  condensation  of  some  of  the^yapors^. 
For  destructive  disbllation  a substance  must 
be Jieated  out  of  contact  with  the  aiir.  Other- 
wise ^^ming  _j;atl^  than  decomposition 
would  take  place.  ^ 

Demonstration  27-1.  Destructive  Distillation  of  Coal. 

Fill  a pyrex  test  tube  with  soft  coal.  Fasten 
the  tube  to  a stand,  and  eonneet  it  to  a eon- 
densing  bottle  with  a glass  jet  outlet  as  shown 
in  Fig.  27-4.  Heat  the  test  tube  strongly.  Heavy 
vapors  are  evolved.  Some  of  the  vapors  condense 
in  the  bottle  to  form  a tar;  others  escape  at  the 
outlet  and  can  be  ignited.  The  residue  in  the 
test  tube  is  coke. 
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Cp^g.  Coke  is' a hard,  smokeless  fuel  com- 
posed almost  entirely  of  carbon.  It  is  difficult 
to  burn  and,  like  charcoal,  it  glows  without 
flame;  yet  it  liberates  a great  deal  of  heat.  It 
is  used  chiefly  in  the  blast  furnace  to  obtain 
iron  from  its, ore  (see  Chapter  48). 

Coal  Tar.  When  coal  was  first  distilled  on  a 
large  scale,  the  important  product  was  coal 
gas,  which  was  wanted  for  heating  and  light- 
ing. The  coal  tar  was  considered  a useless 
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a method  of  making  a beautiful  purple  dye. 
This  was  the  first  artificial,  or  synthetic,  dye. 
Chemists  in  many  countries  then  eagerly 
turned  to  coal  tar  as  a source  of  other  synthetic 
substances. 

Coal  tar  has  proved  one  of  the  magic  ma- 
terials of  the  20th  century.  Thousands  of  sub- 
stances are  now  made  from  it.  Tar  is  a mix- 
ture of  many  compounds,  but  only  five  are 
used  on  a large  scale:  benzene,  toluene,  phe- 


Courtesy Parke,  Davis  and  Co. 

Fig,  27-5.  William  Perkin  made  the  first  coal-tar  dye  while  experimenting,  as  a boy,  in  the 

attic  of  his  home. 


by-product  difficult  to  dispose  of.  If  it  was 
thrown  on  the  land,  it  destroyed  the  vegeta- 
tion; if  it  was  dumped  into  rivers,  it  killed  the 
fish. 

One  of  the  first  chemists  to  find  a use  for 
coal  tar  was  an  Englishman  named  William 
Perkin.  About  a century  ago,  when  Perkin  was 
only  eighteen  years  old,  he  was  working  in  a 
makeshift  laboratory  in  his  home  trying  to 
make  the  drug  quinine  from  coal  tar.  He 
failed  to  make  quinine,  but  he  stumbled  on 


nol,  naphthalene,  and  anthracene.  From  these 
five  substances  the  chemist  ha^Syn^esiz^ex- 
plosiyes,  drugs,  dyes,  perfumes,  pla^ti^s,  aj^o- 
mobile  fuel,  photographic  developers^  and  arti- 
ficial rubber.  Perkin’s  experiment  has  thus  led 
to  vast  new  industries  and  has  probably  influ- 
enced our  modern  civilization  as  much  as  any 
other  single  experiment  in  history. 

Distribufion  of  Coal.  Coal  is  widely  distrib- 
uted over  the  earth.  It  is  found  in  nearly  every 
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Fig.  27-6.  Canada's  coal  and  natural  gas  fields. 


country  in  the  world.  The  chief  coal-produc- 
ing countries  are,  in  the  order  of  their  impor- 
tance: (1)  the  United  States.  (2)  Russia,  (3) 
GreatJBtitain,  (4)  Germany,  and  (5)  France. 
Canada  has  the  second  largest  coal  reserves 

in  the  world  but  only  ranks  twelfth  in  produc- 

tion. Because  the  location  of  the  coal  seams 
in  the  Maritimes  and  Western  Canada  are  far 
removed  from  the  industrial  centers,  over  half 
the  coal  used  in  Canada  is  imported  by  On- 
tario and  Quebec  from  nearby  Pennsylvania. 

About  1 5%  of  the  world’s  coal  supply  is  in 
Canada.  Of  the  total  resources,  the  Province 
of  Alberta  has  the  greatest  portion,  about  56%, 


followed  by  Saskatchewan  and  British  Colyim- 
Na.  Ontario  has  a large  deposit  near  James  Bay, 
while  Quebec  has  no  known  resources.  Other 
important  fields  are  in  Nova  Scotia,  New 
Brunswick  and  Newfoundland.  The  map  (Fig. 
27-6)  shows  the  extensive  deposits  of  coal  in 
Canada. 

The  annual  coal  output  in  Canada  is  almost 
17,000,000  tons,  and  there  are  about  20,000 
coal  miners.  Coal  is  mined  in  six  provinces. 
Nova  Scotia  and  Alberta  far  exceeding  the 
others  in  output.  At  the  present  rate  of  mining 
the  reserves  are  sufficient  to  last  nearly  2,000 
years. 


THINGS  TO 

Coal  is  formed  by  the  slow  decomposifinn.  of 
plant  material  compressed  by  overlying  strata . 

Every  coal  seam  represents  a period  of  growth 
an  land  followed  by  a lowering  of  the  land  and 
tts  flooding  by  the  sea. 

During  the  eonversion  of  vegetation  to  coal, 


REMEMBER  

the  first  change  is  to  the  next  to  the 

next  toC^fimmno^cou/,  and  the  next  to(anthm- 
cjfe) 

Spontaneous  combustion  caused  by  coal  dust 

and  ex^Uons  caused  by  methane  are  dangers" 

in  coal  mines.  Accidents~are  reducedb%Tock, 
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dust,  good  ventilation,  and  other  safety  measures. 

Bituminous  coal  is  the  most  valuable  eoal.  It 
is  used  as  a fuel  and  also  in  destruetive  distilla- 
tion. 

Destructive  diatillntian  is  the  deeomposition 
of  a eomplex  substanee  by  heat  and  the  eon- 
densation  of  some  of  the  vapors. 

When  coal  is  distilled,  eoke,  tar,  and  eoal  gas 
are  formed. 


1.  Who  were  {a)  James  Watt;  (b)  William 
Perkin? 

2.  Explain  the  following  terms:  (a)  lignite; 
(b)  anthraeite;  (c)  bituminous. 

3.  Define  destruetive  distillation  and  give  an 
example. 

4.  Name,  in  order,  the  five  leading  eoal-pro- 
dueing  eountries. 

5.  Whieh  three  provinces  contain  the  largest 
coal  reserves  in  Canada? 

PROJ 

1.  Collecting  Carboniferous  Fossils.  If  possible 
visit  a strip  coal  mine  and  ask  the  foreman  for 
plant  fossils  from  the  coal  seams  and  overly- 
ing strata.  These  are  known  as  Carboniferous 
Fossils.  Among  them  you  will  find  fossil  ferns 
and  barks  of  ancient  trees.  Make  a collection 
of  them.  Try,  also,  to  get  fossils  of  brachio- 
pods  from  the  limestones  usually  found  above 
and  below  the  coal  seams. 

A visit  to  a museum  is  well  worthwhile. 
Here  you  will  learn  the  types  and  names  of 
fossils  to  look  for.  A fossil  collection  started 
in  this  way  can  stimulate  an  interest  in  an 
extensive  geological  collection. 
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Coal  tar  contains  five  important  compounds 
from  which  a \'ast  number  of  substances  have 
been  synthesized. 

About  15  percent  of  the  world’s  coal  is  in 
Canada. 

The  largest  coal  field  in  Canada  is  in  Alberta. 

The  greatest  coal-producing  provinces  are  Al- 
berta and  Nova  Scotia. 


6.  Explain  why  the  Industrial  Revolution  came 
later  in  North  America  than  in  England. 

7.  Write  a short  essay  on  the  formation  of 
coal. 

8.  (a)  How  is  coal  tar  obtained?  (b)  Why  is 
it  an  important  substance  in  industry? 

9.  Discuss  briefly  the  new  engineering  prob- 
lems that  presented  themselves  when  coal 
mining  began. 

10.  What  is  rock  dust?  How  does  it  localize 
explosions  in  coal  mines? 

CTS 

2.  Experimenting  with  the  Destructive  Distilla- 
tion of  Wood.  Wood,  like  coal,  can  be  de- 
structively distilled  by  heating  it  out  of  con- 
tact with  the  air.  Arrange  the  apparatus  as  in 
Demonstration  27-1,  filling  the  test  tube  with 
sawdust  or  wooden  splinters.  Heat  the  wood 
strongly.  Notice  that  it  is  converted  into  char- 
coal. A gas,  wood  gas,  escapes  at  the  jet,  and 
can  be  burned.  Wood  tar  collects  in  the  bot- 
tle, and  also  a watery  layer  containing  acetic 
acid.  Test  the  liquid  with  blue  litmus  paper 
to  show  that  it  is  acid.  At  one  time,  the  distil- 
lation of  wood  was  an  industrial  method  of 
making  acetic  acid. 
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Gas,  as  a fuel,  affects  our  daily  living  in 
many  ways.  It  may  be  used  to  heat  our  houses, 
to  cook  our  food,  to  supply  hot  water,  and  to 
run  our  refrigerator.  In  industry  gas  is  used  in 
steel  furnaces;  in  making  cement,  glass,  and 
china;  in  running  electric  generators;  in  rehn- 
ing  sugar;  and  in  manufacturing  synthetic  rub- 
ber. 

Gas  is  replacing  coal  as  a fuel  for  several 
reasons.  It  is  easily  controlled  during  burning, 
so  the  fire  can  be  turned  on  or  o.fi_at-^II:  it 
is  easily  piped  to  any  locality;  it  is  free  from 
smoke,  ash,  and  dust;  it  requires  much  les-s 
labor  and  attention  than  do  solid  or  liquid 
fuels. 

It  was  many  years,  however,  before  people 
overcame  the  fear  and  superstition  associated 
with  inflammable  gases.  They  had  learned  of 
explosions  in  coal  mines  and  had  heard  of  fires 
starting  suddenly  and  burning,  sometimes  for 
years,  in  open  places.  They  were  content  with 
the  light  supplied  by  candles  and  oil  lamps. 
In  the  early  part  of  the  19th  century  coal  gas 
was  first  used  for  lighting  the  streets  of  some 
cities.  This  proved  to  be  an  experiment  that 
won  public  confidence.  When  people  realized 
that  the  danger  of  gas  had  been  exaggerated, 
they  were  willing  to  install  gas  in  their  houses. 

At  first  gas  was  used  only  for  lighting.  It 
was  not  thought  of  as  a fuel.  Then  came  Edi- 
son’s electric  lamp,  which  gave  better  light 
and  was  safer  to  use  than  gas.  The  result  was 
a rapid  decline  in  the  use  of  gas,  and  the  pro- 
ducers had  to  find  a new  use  for  their  product. 


It  was  then  that  they  stressed  the  advantages 
of  gas  over  coal  as  a fuel.  As  a fuel,  gas  has 
grown  steadily  in  importance,  until  it  now  has 
more  than  20,000  industrial  uses. 

Fuel  gases  can  be  divided  into  two  classes : 
natural  gas  and  artificial,  or  manufactured,  gas. 
Four-fifths  of  all  the  gas  used  in  the  United 
States  is  natural  gas  mined  from  underground 
deposits;  the  rest,  which  includes  cqal  gas  and 
water  gas,  is  manufactured  from  coal. 

Coal  gas  is  the  oldest  of  the  fuel 
gases.  It  was  first  prepared  by  distilling  coal 
on  a large  scale  toward  the  end  of  the  18th 
century.  Soon  the  oil  lamps  and  lanterns  of 
Pall  Mall,  a famous  London  street,  were  re- 
placed by  coal-gas  lamps;  shortly  afterward 
Westminster  Bridge  was  also  illuminated  by 
gas. 

In  the  United  States,  BaUimore  was  the  first 
city  to  use  coal  gas  for  streeFn^ting.  Boston 
and  New  York  soon  followed.  Some  years 
later  gas  was  used  in  public  buildings,  but  not 
until  about  1850  did  wealthy  citizens  begin  to 
light  their  houses  with  it. 

Commercial  Distillation  of  Coal.  The  com- 
mercial distillation  of  coal  is  an  immense  in- 
dustry. It  provides,  besides  coal  gas,  coke  for 
the  manufacture  of  steel  and  tar  for  synthetic 
chemicals.  One-fifth  of  the  coal  mined  in  the 
United  States  is  used  in  the  distillation  proc- 
ess. In  this  process  coal  is  heated  in  a huge 
oven  which  consists  of  a battery  of  retorts, 
each  retort  holding  about  10  tons  of  coal.  The 
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retort  is  heated  strongly  for  17  or  18  hours  by 
the  flames  of  a fuel  gas  and  air.  The  vapors 
and  gases  pass  out  through  an  opening  at  the 

top,  and  onlyjEohe/remains  in  the  retort.  After 

the  Treating,  the  red-hot  coke  is  taken  out  and 
sprayed  with  water  to  keep  it  from  burning 
away. 

The  heavvf.tar  and  oirvapors^  condense  and 
are  drained  into  a large  tank.  The  vapors  and 
gases  are  piped  to  a bv-producb  plaxit., where 
they  ,Wld  ftanj  light  oiU  ammonia.!  and  gas } 
The  light  oil  is  used  to  improve  the  antiknock 
value  and  to  increase  the  octane  rating  of  gaso- 
line. The  is  used  in  the  synthetic  chemical 
industry.  The  ajnmonia  gas  is  used  to  make 
an  important  ^tilizeT  The  remaining  gas, 
which  is  coal  gas,  is  then  forced  up  steel  towers 
called^^cn^^ri^  In  one  scrubber,  jwdsh  oil\  is 
sprayed  in  at  the  top,  and  in  the  other, |wate^ 
is  sprayed  in.  The  wash  oil  removes  the  last 
traces  of  tar  from  the  gas,  and  the  water  re- 
movgs  traces  of  ammonia  and  other  impuri- 
ties. The  gas  is  now  ready  to  be  used  as  a fuel. 
Some  of  it  is  used  to  heat  the  oven  for  coal 
distillation,  and  the  rest  is  piped  to  city  gas 
mains,  where  it  is  stored  for  domestic  and  in- 
dustrial uses. 

Coal  gas  is  a mixture  of  gases,  the  chief  of 
which  are  hydrogen  (about  50  percent) , methr 
ane  (about  35  percent),  and  carbon  monoxide 
(about  5 percent). 

Coal  gas  is  one  of  the  richest  of  the  fuel 
gases.  Its  heat  value  is  about  900  B.T.U.  per 
cubic  foot,  far  above  the  state  legal  require- 
ment, which  is  usually  about  53^0-^.T.U.-'per 
cubic  foot.  It  is  expensive  to  make,  however, 
and  it  can  compete  with  a cheaper  fuel  gas, 
like  water  gas,  only  because  it  is  a by-product 
in  the  more  important  preparations  of  coke 
and  tar. 

^AS^flterjGos^  Water  gas  is  a mixture  of  about 
50  percent  hydrogen  and  45  percent  carbon 
rnonmdde.  To  manufacture  this  gas,  a blast 
of  hot-air  is  forced  through  the  coke,  causing 
the  following  reaction; 


FIRE  AND  FUELS 
carbon  -F  oxygen  ^ carbon  dioxide  + heat 
or  C 4-  Og  ^ CO2  + heat 

The  carbon  dioxide  is,  of  course,  useless  as 
a fuel  gas  and  is  not  collected  for  this  purpose. 
The  heat  of  the  reaction,  however,  soon  makes 
the  coke  white-hot,  an  essential  condition  be- 
fore the  second  operation  can  begin.  After 
two  or  three  minutes  the  air  blast  is  shut  off 
and  steam  is  forced  through  the  coke,  causing 
the  following  reaction: 

carbon  + steam  — ^ carbon  monoxide  + hy- 
drogen — heat 

or  C + H2O  ^ CO  + H2  - heat 

The  mixture  of  carbon  monoxide-^d,  hy- 
drogen  that  is  collected  is  water  gas.  In  this 
reaction,  however,  heat  is  taken  in,  not  given 
out,  as  shown  by  the  minus  sign  in  the  equa- 
tion. In  other  words,  the  temperature  falls 
and,  after  two  or  three  minutes,  carbon  mon- 
oxide is  no  longer  produced.  At  this  point  the 
steam  is  shut  off,  and  the  air  blast  is  turned  on 
again  until  the  coke  is  white-hot.  These  alter- 
nations of  air  and  steam  are  necessary  to  the 
preparation  of  water  gas. 

Enriching,  Water  Gas.  When  water  gas  is 
burned  as  a fuel,  the  reaction  in  the  flame  is 

carbon  monoxide  + hydrogen  + oxygen  — > 
carbon  dioxide  + water  vapor  + heat 

or  CO  + H2  + O2  OO2  + ^2^  heat 

Unfortunately,  the  heat  value  of  water  gas 
is  only  about  300  B.T.U.  per  cubic  foot,  which  j 
is  far  below  the  standards  set  by  the  states. 

To  raise  its  heat  value,  the  gas  must  therefore 
be  enriched  by  other  substances.  In  the  en- 
riching process  hot  water  gas  is  passed  into  a 
chamber  called  a carburetor,  which  contains 
broken  brick.  Oil  is  sprayed  on  the  hot  brick 
and  the  compounds  in  the  oil  are  cracked  into 
simpler  compounds,  including  methane  and 
ethane.  The  methane  and  ethane  are  then 
swept  along  withjihe  water  gas.  This  enriched 
gas  is  called  (gdrhurgfid~^ter  gas^  Its  compo- 
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sition  is,  roughly,  hydrogen  40  percent,  carbon 
monoxide  35  percent,  methane  and  ethane  20 
percent,  other  gases  5 percent.  The  heat  value 
of  methane  and  ethane  is  much  higher  than 
that  of  hydrogen  and  carbon  monoxide;  and, 
as  a result,  carbureted  vyater  gas  has  a heat 
value  of  about  550  B.T.U.  per  cubic  foot. 

Carbureted  water  gas  is  used  extensively  in^ 
industry.  The  plant  for  making  it  costs  muchp)^ 
less  to  build  than  the  by-product  coke  ovens; 
and  the  starting  materials  — air,  coke,  and 
water— are  inexpensive  and  abundant.  One  of 
the  first  essentials  for  a successful  chemical  in- 
dustr}^  is  a cheap  and  abundant  supply  of  raw 
materials. 

Carbon  Monoxide.  It  should  be  noted  that 
both  coal  gas  and  water  gas  contain  the  poi- 
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gen  from  the  bloodstream  that  not  enough  re- 
mains to  support  life.  Even  small  amounts  of 
carbon  monoxide  are  very  dangerous,  and  a 
concentration  as  low  as  one  percent  may  cause 
death  in  a few  minutes.  Carbon  monoxide  is 
a treacherous  poison,  since  it  has  no  odor  to 
reveal  its  presence. 


Fig.  28—1 . Manufacture  of  water  gas. 

sonous  gas  carbon  monoxide.  Coal  gas  is  from 
5 to  7 percent  carbon  monoxide,  and  water 
gas  from  35  to  40  percent.  Since  these  gases 
are  common  fuels  in  our  homes,  precautions 
must  be  taken  to  prevent  leaks  at  the  gascocks. 

Carbon  monoxide  is  the  most  poisonous  of 
the  common  gases.  Its  poisonous  nature  is  due 
to  the  fact  that  it  readily  combines  with  hemo- 
globin, the  red  coloring  matter  in  blood.  One 
of  the  vital  functions  of  the  blood  is  to  carry 
oxygen  from  the  lungs  to  the  other  parts  of 
the  body.  Actually  the  oxygen  combines  with 
hemoglobin  to  form  a compound.  The  com- 
pound is  carried  to  the  tissues,  where  the  oxy- 
gen is  released  for  oxidation  purposes.  Carbon 
monoxide  is  300  times  as  soluble  in  blood  as 
is  oxygen.  It  therefore  excludes  so  much  oxy- 


CNatural  Gas)  Natural  gas  is  always  present 
in  oil  fields.  Indeed,  it  is  the  pressure  exerted 
by  natural  gas  that  forces  the  oil  to  the  sur- 
face. The  gas  is  formed  also  in  regions  where 
there  is  little  or  no  oil.  In  fact,  at  least  60 
percent  of  our  natural  gas  is  obtained  from 
gas  wells,  not  from  oil  wells. 

Drilling  for  ISnTg^  is  the  same  process  as 
drilling  for  oil;  that  is,  a derrick  is  erected,  a 
well  is  sunk,  and  when  the  gas  sand  is  tapped, 
the  gas  rushes  up  the  pipes  with  a roar.  The 
flow  of  the  gas  is  controlled  by  valves,  and 
as  the  gas  is  removed  the  internal  pressure 
is  diminished  until  eventually  no  more  gas 
comes  to  the  surface. 

Gas  from  oil  wells  is  highly  charged  with 
gasoline  and  other  oils;  it  is  called  wet  gas. 
The  gasoline  is  separated  from  the  natural 
gas  by  passing  the  mixture  through  vertical 
cylinders  in  which  the  gasoline  condenses. 
Large  quantities  of  casinghead  gasoline,  as  it 
is  called,  obtained  in  this  way  add  to  the  sup- 
plies of  gasoline  obtained  from  distillation 
and  cracking. 

Natural  Gas  as  a Fuel.  In  the  early  days  of 
oil  mining,  natural  gas  was  regarded  as  a dan- 
gerous nuisance  that  sometimes  caused  ex- 
plosions and  fires.  The  oilmen  led  it  away 
from  the  well  to  a safe  distance  and  burned 
it.  Enormous  quantities  of  fuel  gas  were 
wasted  in  this  way. 

The  use  of  natural  gas  in  industry  began 
over  a century  ago,  when  a workman  struck 
natural  gas  while  drilling  a salt  well  in  But- 
ler County,  Pennsylvania.  He  used  the  burn- 
ing gas  to  evaporate  the  brine  he  pumped  out 
of  the  well.  This  crude  method  of  manufac- 
turing salt  was  the  beginning  of  a mighty  in- 
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dustry.  Men  soon  realized  the  possibilities  of 
the  gas.  First  it  was  used  as  a fuel  in  the  oil 
fields  to  provide  steam  for  the  drilling  and 
pumping  machinery,  and  many  years  later  it 
was  piped  to  Pittsburgh  for  use  in  the  iron 
foundries,  rolling  mills,  and  other  industries. 
Today  10  percent  of  the  nation’s  energy  comes 
from  natural  gas. 

Natural  gas  is  a mixture  of  about  85  per- 
cent methane.  10  percent  etliane.  plus  other 
hydrocarbons.  It  burns  with  a hot  blue  flame, 
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berta  and  Saskatchewan  have  pipelines  that 
serve  communities  close  to  the  gas  fields.  In 
the  United  States  natural  gas  is  carried  to 
industrial  centers  through  pipelines  thousands 
of  miles  long.  Thjs  vast  network  extends 
about(3)0,000  mile^enough  to  circle  the 
earth  at  the  equator  about  eight  times.  West- 
ern Canada,  particularly  Alberta,  is  now  dis- 
covering tremendous  gas  reserves,  and  a pipe- 
line carries  Alberta  natural  gas  to  Montana  in 
the  United  States.  This  pipeline  is  probably 


Courteay  Caterpillar  Tractor  Co. 

Fig.  28-2.  Laying  a natural-gas  pipeline. 


and  is  the  cleanest  and  most  efficient  of  all 
fuel  gases.  Its  heat  value  is  more  than  1000 
B.T.U.  per  cubic  foot,  considerably  higher 
than  that  of  coal  gas  or  water  gas.  One  cubic 
foot  of  the  gas  will  bake  a pie;  60  cubic  feet 
of  it  will  bake  100  pounds  of  bread. 

Natural  Gas  in  Canada.  Natural  gas  is  found 
in  British  Columbia,  Alberta.  Saskatchewan. 
Ontario,  New  Brunswick  and  Nova  Scotia. 
Ontario  has  made  use  of  natural  gas  for  many 
years,  and  an  extensive  network  of  pipelines 
exists  throughout  southwestern  Ontario.  Al- 


the  forerunner  of  a Canadian  network  that  will 
supply  our  industrial  centers. 

Synthetic  Gasoline.  Thus  far  we  have  con- 
sidered natural  gas  only  as  a fuel.  Natural 
gas  has  other  important  uses.  For  example, 
it  can  be  converted  into  gasoline  and  carbon 
black.  These  manufactures  are  major  indus- 
tries. In  Texas  and  Kansas  gasoline  is  manu- 
factured from  natural  gas  by  mixing  the  gas 
with  oxygen  and  burning  the  mixture.  The 
amount  of  oxygen  used,  however,  is  not  suf- 
ficient for  complete  combustion,  so  that  car- 
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Fig.  28-3.  Present  and  proposed  underground  pipelines  to  supply  industrial  centers  with 

natural  gas. 


bon  monoxide  and  hydrogen,  not  carbon  di- 
oxide and  water,  are  formed.  This  is  water 
gas.  The  water  gas  is  then  heated  in  the  pres- 
ence of  iron,  which  acts  as  a catalyst,  and  gaso- 
line is  formed. 

It  is  possible  to  convert  coal  into  gasoline 
in  the  same  way.  First  the  coal  is  heated  with 
hot  steam  to  make  water  gas,  and  then  the 
water  gas  is  converted  into  gasoline.  The  con- 
version of  natural  gas  and  coal  into  gasoline 
and  Diesel  oil  are  two  methods  by  which  the 
natural  supplies  of  oil  can  be  conserved. 

Carbon  Black.  The  manufacture  of  carbon 
black  is  a fairly  recent  industry  that  has  sprung 
up  in  the  gas  fields  of  Texas  and  Oklahoma. 
Carbon  black,  which  is  nothing  more  than 
soot  that  collects  on  the  bottom  of  a teakettle, 
is_  made  by  the  incomplete  _combnstir)n  of 

natural__gas.  In  this  process  thousands  of 
burners^  are  placed  underneath  some  iron 
beams.  The  luminous  flames  of  the  burning 


gas  deposit  carbon  black  on  the  beams,  which 
move  continuously.  In  moving  they  rub 
against  scrapers  that  knock  the  carbon  black 
into  hoppers.  In  one  recent  year  about  three- 


Courtesy  Standard  Oil  Co.  (New  Jersey) 


Fig.  28—4.  In  making  carbon  black,  gas  flames  lick 
against  an  overhead  bar  and  deposit  soot  upon  it. 
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quarters  of  a million  tons  of  it  were  made  in 
this  way. 

Why  is  there  a large  demand  for  carbon 
black?  Carbon  black  is  used  in  the  manufac- 
ture of  many  articles,  including  phonograph 
records,  fountain  pens,  black  leather,  and 
paints  and  enamels  used  on  kitchen  ranges. 
But  its  more  important  uses  are  in  the  manu- 
facture of  printer’s  ink  and  rubber  goods.  All 
the  blackest  inks  used  in  the  printing  of  books, 
magazines,  and  newspapers  are  made  from 
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Fig.  28-5.  An  acetylene  torch  cutting  through  steel. 

carbon  black.  This  use  alone  makes  carbon 
black  indispensable. 

More  than  90  percent  of  all  the  carbon 
black  manufactured  is  sold  to  the  rubber 
industry.  The  carbon  black  packs  tight  and 
makes  rubber  better  able  to  withstand  abra- 
sion and  heat.  Thus  it  greatly  increases  the 
durability  of  rubber  tires.  Thirty  years  ago  a 
flat  tire  was  a common  occurrence;  fast  driv- 
ing would  cause  a blowout  and  tires  rarely 
lasted  for  more  than  five  thousand  miles.  The 
long  life  of  the  modern  automobile  tire  is  due 
in  large  measure  to  carbon  black,  which  may 
constitute  as  mueh  as  25  percent  of  its  weight. 
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Acefrvlene.  A discussion  of  fuel  gases  would 
be  incomplete  without  some  mention  of  the 
oxyacetylene  flame.  To  make  the  flame,  oxy- 
gen and  acetylene  from  separate  cylinders  are 
mixed  in  a blowpipe  and  burned  at  the  tip. 
Fig.  28-5  shows  an  oxyacetylene  blowpipe  in 
use.  Acetylene  is  a hydrocarbon.  The  prod- 
ucts of  combustion  are  therefore  carbon 
dioxide  and  water  vapor.  The  heat  released 
in  this  reaction  causes  one  of  the  highest  tem- 
peratures  that  can  be  produced  by  chemical 
means,(j000°  to  3500°  Cj 


Because  the  temperature  is  well  above  the 
melting  points  of  all  the  eommon  metals,  the 
flame  is  used  for  welding  and  cutting  metals. 
If  the  flame  is  directed  against  a steel  plate, 
for  example,  it  melts  the  steel  in  its  path.  If 
more  oxygen  is  then  admitted  to  the  flame, 
the  superheated  oxygen  ignites  the  molten 
steel,  causing  it  to  burn  as  a shower  of  sparks. 
In  this  way  it  is  possible  to  eut  through  a 
steel  slab  several  feet  thick. 

The  oxyacetylene  torch  cuts  almost  as  well 
under  water  as  in  air.  A torch  of  this  kind 
was  used  in  the  underwater  salvage  work  on 
the  battleships  disabled  by  the  Japanese  at 
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Pearl  Harbor  in  World  War  II.  In  some 
cases,  projecting  metal  pieces  had  to  be  cut 
away;  in  others,  metal  plates  had  to  be  welded 
o\  er  holes  before  water  could  be  pumped  out 
of  the  ship. 

Acetylene  gas  can  easily  be  made  in  the 
laboratory’  with  calcium  carbide  and  water. 
The  reaction  is  vigorous,  however,  and  the 
water  must  be  added  slowly. 

Demonstration  28-1.  Preparation  of  Acetylene. 

Place  some  lumps  of  fc^ium  carbid^  in  a 
flask  and  arrange  the  apparatus  as  shown  in  Fig. 
28-6.  Water  from  the  funnel  is  released  slowly, 
drop  by  drop.  As  it  strikes  the  caleium  carbide, 
a vigorous  reaction  takes  place  and  acetylene  is 
evolved.  Collect  two  bottles  of  acetylene  by  dis- 
placing water. 


Because  the  first  bottle  contains  most  of  the 
air  from  the  flask,  the  gas  in  it  may  not  be  suit- 
able for  burning.  Place  a glass  cover  over  the 
second  bottle  of  acetylene  and  set  the  bottle  up- 
right on  the  table.  Remove  the  cover  and  place 
a lighted  taper  near  the  mouth  of  the  bottle. 
The  acetylene  burns  quietly,  with  a sooty  flame. 

What  causes  the  soot?  The  soot  is  free 
carbon  that  is  formed  because  there  is  not 

enough  oxygen  to  combine  with  it.  Acetylene 
is  rich  in  carbon— abouQZ  percentyby  weight 
is  carbon.  The  liberation  of  free  carbon  in 
the  acetylene  flame  is  prevented  by  leading 
oxygen  from  a tank  into  it.  In  this  way  all  the 
carbon  is  burned  to  carbon  dioxide  and  the 
heat  of  reaction  makes  the  flame  exceedingly 
hot. 


THINGS  TO  REMEMBER 


Coal  _£as  is  a mixture  containing  50  percent 
hydrogen,  35  percent  methane,  5 percent  carbon 
monoxide;  carbureted  water  gaa  is  a mixture  con- 
taining 40  percent  hydrogen,  35  percent  carbon 
monoxide,  10  percent  methane,  10  percent  other 
hydrocarbons;  natural  gas  is  a mixture  contain- 
ing 85  percent  rhethane,  10  percent_ethane. 

The  legal  heat  requirement  for  a fuel  gas  is 
about  530  B.T.U.  per  cubic  foot.  The  heat  value 
of  (1)  coal  gas  is  about  900  B.T.U.  per  cubic 
foot,  (2)  water  gas  abou^300  B.T.U.  per  cubie 
foot,  (3)  carbureted  water  gas  about  550  B.T.U. 
per  cubic  foot,  (4)  natural  gas  about  1100 
B.T.U.  per  cubic  foot. 

Coal  s.as  is  manufactured  in  a coke  oven  by 
thepaestmcTive  distillation^ of  coal. 


Water  gas  is  manufactured  by  passing  hot  air 
througfi^wite-hot  coke.  It  is  enriched  by  meth- 
ane, ethane,  and  other  hydrocarbons. 

^ lS>  7U.  ftjuo  JLU-^-  ^ . 

Natural  gas  is  one  of  the  richest  fuel  gases.  It 
is  found  in  six  provinces,  but  most  abundantly 
in  Alberta,  Saskatchewan  and  British  Colum- 
bia. 

Carbon  monoxide  is  a constituent  of  coal  gas 
and  water  gas.  It  is  exceedingly  poisonous. 

Carbon  black,  obtained  from  natural  gas,  is 
used  in  the  manufacture  of  priri±gTs_Jiik  and 
rubber  tires. 

The  temperature  of  the  oxyacetvlene  dame  is 
almosK^50B°~G^.  It  is  used  for  cutting  and  weld- 
ing metals. , 


QUESTIONS 


A 

1 . Name  the  three  common  fuel  gases. 

''2.  What  is  the  state  legal  requirement  con- 
cerning fuel  gases?  What  does  it  mean? 

"^3.  Name  a liquid,  a solid,  and  a gas  obtained 
from  the  distillation  of  coal. 

4.  Name  3 provinces  that  produce  natural  gas. 

5.  State  two  important  uses  of  natural  gas, 
apart  from  its  use  as  a fuel. 

6.  What  is  carbon  black?  Name  its  two  most 
imnortant  uses. 


B 

^7.  Describe  the  composition  of  coal  gas. 
i/8.  (a)  What  is  the  difference  between  water 
gas  and  carbureted  water  gas? 

(b)  Why  is  water  gas  enriched? 

^ 9.  Expla  in  how  and  why  carboh  monoxide  is 
poisonous. 

10.  {a)  What  is  the  heat  value  of  natural  gas? 

(b)  What  does  it  mean? 

(c)  Why  is  heat  released  when  natural  gas 
is  burned? 
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1 . Visiting  a Gas  Plant.  Visit  a water-gas  plant. 
Notice  the  furnace  for  making  the  steam,  and 
the  steampipe  from  the  furnace  to  the  gen- 
erator which  contains  coal  or  coke.  Notice 
also  the  carburetor,  where  the  water  gas  is  en- 
riched, and  the  arrangement  for  storing  the 
gas  under  pressure  before  it  is  piped  to  the 
town. 

2.  Observing  Oxyacetylene  Welding  and  Cut- 


ting. Visit  a shop  where  an  oxyacetylene 
flame  is  being  used.  Notice  the  tanks  of  oxy- 
gen and  acetylene  to  which  the  blowtorch  is 
connected,  also  the  small  white  oxyacetylene 
flame  and  the  shower  of  sparks  when  the 
flame  strikes  the  steel.  Why  does  the  opera- 
tor cover  his  hands  with  asbestos  gloves  and 
his  eyes  with  dark  glasses? 


chapter 


THE  CARBON  DIOXIDE  CYCLE 


Whene\’er  burning  takes  place  carbon 
dioxide  is  formed.  As  a result  of  the  com- 
bustion of  such  fuels  as  coal,  gasoline,  and 
natural  gas,  millions  of  tons  of  carbon  dioxide 
are  sent  into  the  air  daily.  Combustion  is 
not  the  only  process,  however,  that  increases 
the  carbon  dioxide  content  of  the  air.  The 
respiration  of  both  plants  and  animals  also 

increases  jt.  A man,  for  example,  exhales 
about  500  cc.  of  air  at  every  breath;  of  this 
air  20  cc.  is  carbon  dioxide. 

Respiration.  Respiration  is  the  slow  burn- 
ing, or  oxidation,  of  food  in  the  cells  of  the 
body  with  the  release  of  carbon  dioxide,  water, 

and  heat  energy.  Like  an  engine,  an  animal 
needs  fuel  to  do  work.  The  fuel  of  an  engine 
may  be  coal  or  gasoline;  the  fuel  of  an  animal 
is  the  carbon  compounds  in  food.  A warm- 
blooded animal  needs  food  to  keep  its  body 
at  its  normal  temperature  and  to  supply  the 
energy  it  needs  in  order  to  remain  alive  and 
work. 

The  food  we  eat  enters  the  alimentary 
canal,  where  digestive  juices  break  it  down 
into  substances  that  can  pass  through  the 
membrane  of  the  intestine  into  the  blood 
vessels.  Once  in  the  bloodstream,  these  sub- 
stances are  carried  to  cells  in  all  parts  of  the 
body. 

A respiratory  membrane  that  covers  the 
lungs  allows  the  oxygen  of  the  air  to  enter 
the  bloodstream.  This  oxygen  is  carried  to 
the  cells,  where  it  oxidizes  the  products  of 


digestion,  forming  carbon  dioxide  and  water 
and  releasing  energy.  The  carbon  dioxide 
passes  from  the  cells  to  the  bloodstream,  then 
through  the  respiratory  membrane  of  the 
lungs,  where  it  is  exhaled.  Thus  respiration 
is  an  oxidation  process  that  takes  place  in  the 
cellL 

The  fact  that  exhaled  air  contains  more  car- 
bon dioxide  than  inhaled  air  can  be  verified  by 
the  following  experiment. 


it 


Fig.  29—1 . Exhaled  air  gives  a heavy  precipitate 
with  barium  hydroxide. 

Demonstration  29-1.  To  Compare  the  Carbon  Dioxide  in 
Ordinary  Air  with  That  in  Exhaled  Air. 

Arrange  two  bottles  containing  limewater  (or 
barium  hydroxide)  as  shown  in  Fig.  29-1.  The 
inlet  and  outlet  tubes  are  so  arranged  that,  when 
the  T-tube  is  in  the  mouth,  air  can  be  drawn 
in  through  the  left-hand  bottle  and  expelled 
through  the  right-hand  bottle.  With  the  T-tube 
in  the  mouth,  inhale  and  exhale  about  ten  times. 

The  slight  milkiness  that  forms  in  the  left- 
hand  bottle  proves  the  presence  of  carbon 
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dioxide  in  the  air;  the  heavy  white  insoluble 
substance  in  the  right-hand  bottle  shows  that 
exhaled  air  contains  a much  higher  percentage 
of  carbon  dioxide. 

Carbon  Dioxide  in  the  Air.  If  the  two  proc- 
esses of  combustion  and  respiration  were  not 
counterbalanced  by  other  processes  in  nature, 
the  atmosphere  would  eventually  be  unable  to 
support  life.  Human  beings  can  live  drowsily 
in  an  atmosphere  containing  5 percent  carbon 
dioxide,  but  they  would  die  if  this  were  in- 
creased to  10  percent.  Actually  the  atmos- 
phere contains  very  little  carbon  dioxide— 
0.04  percent  to  be  exact,  or  four  parts  of 
carbon  dioxide  in  10,000  parts  of  air.  The 
carbon  dioxide  content  of  the  air  is  constant. 
A balance  must  exist  therefore  between  the 
processes  that  evolve  carbon  dioxide  and  those 
that  absorbjt  These  processes  are  known  as 
solubility  e-ffecr~and  bhotosynthesis. 

The  Solubility  Effect.  Carbon  dioxide  is 
constantly  being  removed  from  the  air  by  the 
dissolving  action  of  large  bodies  of  water, 
such  as  rivers,  lakes,  and  seas.  Carbon  dioxide 
does  not  merely  remain  in  solution.  It  reacts 
with  the  water  to  form\carbonic  acid]  a weak 
acid,  which  dissolves  such  rocks  as  limestone 
and  chalk,  known  chemically  as  lcalcium""^r- 
bbriate./  Even  the  small  amount  of  carbon 
dioxide  dissolved  in  rain  water  will  do  this. 
Though  the  dissolving  effect  is  slight,  the 
cumulative  effect  through  the  ages  is  con- 
siderable. Whole  mountain  ranges  have  been 
eroded  in  this  way  (see  Chapter  10). 

The  calcium  carbonate  in  solution  is  car- 
ried to  the  sea,  where  shg]lfish..use  it  in  build- 
ing up  their  shells.  The  process  does  not  end 
here,  however,  for  the  calcium  carbonate  is 
only  “loaned”  to  the  shellfish.  When  the 
shellfish  die— there  are  thousands  of  species 
of  them— their  shells  collect  on  the  floor  of 
the  ocean.  Here  they  are  compressed  and 
cemented  together,  and  eventually  they  may 
be  raised  above  sea  level  to  form  a mountain 
of  chalk  or  limestone, 
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When  limestone  and  chalk  are  heated  in 
lime  kilns  they  form  lime,  which  is  used  in 
making  mortar  and  plaster,  and  carbon  diox- 
ide is  liberated.  In  this  way  a small  percent- 
age of  carbon  dioxide  returns  to  the  air  and  is 
again  available  for  the  various  operations. 

Phofosynf bests.  All  animals  _depend_on 
pl^ts  for  their  food.  Out  of  the  basic  com- 
pounds produced  in  plants,  animals  build  up 
the  complex  substances  that  make  up  their 
bodies.  In  the  words  of  the  prophet  Isaiah, 
written  in  the  8th  century  b.c.,  “All  flesh  is 
gr^.” 

Plants  alone  are  capable  of  producing  the 
world’s  food  supply.  For  more  than  a century 
botanists,  chemists,  and  physicists  have  tried 
without  success  to  duplicate  the  reactions  that 
plants  perform  naturally.  The  secret  that  the 
scientist  is  most  eager  to  learn  is  the  manufac- 
ture of  glucose,  a simple  sugar,  from  the  car- 
bon dioxide  and  water  of  the  air;  that  is, 

carbon  dioxide  -f  water  glucose  -f  oxygen 

Glucose  is  a /carbohydrate^  that  is,  a corn- 
pound  of  carbon,  hydrogen,  and  the 

hydrogen  and  oxygen  being  present  in  the 
same  proportions  as  in  water.  Glucose  is 
the  basic  material  from  which  the  plant  makes 
the  more  complex  carbohydrates,  namely, 
staych  and  cellulose.  Starch,  the  chief  con- 
stituent of  corn,  wheat,  and  potatoes,  is  the 
main  source  of^ne^^infood,_C^ulose,  on 
the  other  hand,  iFtE^^oo^  material  in  every 
tree.  Gotten,  too,  is  almost  pure  cellulose. 

In  other  words,  the  process  of  manufac- 
turing glucose  in  plants  provides  food  and 
fuel  for  man;  without  it  life  on  earth,  as  we 
know  it,  could  not  exist.  It  is  the  most  im- 
portant of  all  chemical  reactions.  By  what 
chemical  means  are  carbohydrates  made  from 
carbon  dioxide  and  water?  Because  sunlight 
is  essential,  the  process  is  called  photosynthe- 
sis. {Photosynthesis  is  derived  from  the  Greek 
and  means  to  “put  together  by  li^ht.”) 
Chlorophyll^  the  green  “blood”  in  grass  and 


261 


THE  CARBON  DIOXIDE  CYCLE 

leaves  and  stalks,  plays  a large  part  in  photo- 
synthesis. Chlorophyll  is  a conveyer  of  energy 
which  it  receives  in  the  form  of  sunlight  and 
passes  on  to  cause  the  reaction.  Chlorophyll 
itself  is  not  affected  chemically  in  the  pr^ss. 
It  serves  simply  as  a [catalyst^  ^eed  upjhe 
domical  reaction,  iust  as  manganese  dioxide 
acts  as  a catalyst  in  the  preparation  of  oxy- 
gen (see  page  206). 

Plants  breathe,  like  animals,  and  in  breath- 
ing they  take  in  bxvgeji:  and  give  out\carbon 
HiOTideJ  In  sunlight,  however,  the  photosyn- 
thesis reaction  is  much  faster  than  the  com- 
bustion reaction.  A plant’s  breathing  must 
therefore  be  observed  while  the  plant  is  in 
a dark  room.  A method  of  doing  this  is  de- 
scribed in  the  project  at  the  end  of  this 
chapter. 

Demonstration  29-2.  To  Extract  Chlorophyll  from  Green 
Leaves. 

Place  some  green  leaves  or  grass  in  a flask. 
Pour  a little  alcohol  into  the  flask,  stopper  the 
flask,  and  shake  it.  Now  pour  the  alcohol  into  a 
test  tube.  Notice  that  it  is  green;  chlorophyll 
has  dissolved  in  the  alcohol. 

Photosynthesis  and  Combustion.  Photo- 
synthesis is  the  reverse  of  combustion  or  res- 
piration. Expressed  as  a word  equation,  the 
photosynthesis  reaction  is 

carbon  dioxide  + water  + light  carbo- 
hydrate + oxygen 

The  combustion  reaction  is 

fuel  (carbohydrate)  + oxygen carbon 
dioxide  -f  water  vapor  + heat 

In  photosynthesis,  carbon  dioxide  is  used  up 
and  oxygen  is  liberated:  in  combustion,  oxv- 
gen  is  used  up  and  carbon  dioxide  is  liberated . 
In  photosynthesis,  light  energy  is  taken  in; 
in  combustion,  heat  energy  is  given  out.  In 
other  words,  growing  plants  not  only  remove 
carbon  dioxide  from  the  air,  but  at  the  same 

time  they  replenish  the  air  with  oxygen. 

The  Control  of  Photosynthesis.  Will  the 
chemist  soon  learn  the  mechanism  of  photo- 


synthesis so  that  he  will  be  able  to  make  sugar, 
starch,  and  cellulose?  The  reply  to  this  ques- 
tion is  that  some  progress  has  been  made 
toward  a solution  of  this  problem. 

A knowledge  of  the  processes  of  photosyn- 
thesis would  result  in  profound  changes  in 
our  civilization.  Synthetic  foods  would  be 
produced  in  abundance;  fuels  also  would  be 
made  quickly  and  cheaply.  Indeed,  photo- 
synthesis would  provide  a new  way  of  har- 
nessing sunlight  for  electrical  power. 

The  Carbon  Dioxide  Cycle.  We  have  seen 
that  carbon  dioxide  circulates  in  nature. 

Shellfish  — • Solubilify  Food  for  onimals 


Fig.  29—2.  Carbon  dioxide  cycle  showing  exchange 
and  use  of  carbon  dioxide  in  nature. 


Starting  from  the  air  and  tracing  a molecule 
of  carbon  dioxide  over  a long  period  of  time, 
we  see  that  it  can  engage  in  various  activities. 
It  might  enter  a starch  molecule,  and  if  the 
starch  is  digested  by  an  animal,  it  would  be 
released  during  respiration.  It  could  then  dis- 
solve in  water,  and  become  part  of  the  shell  of 
an  animal;  and  then,  for  ages,  it  might  be 
trapped  as  limestone  in  a mountain  range. 
Finally,  it  might  be  released  by  heat,  when 
it  would  again  be  available  for  other  opera- 
tions. This  continuous  circulation  is  referred 
to  as  the  carbon  dioxide  cycle.  Fig.  29-2 
shows  still  other  journeys  that  the  molecule 
might  take. 
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Atmospheric  Conditions  in  the  Carbonifer- 
ous Period.  Let  us  now  return  to  the  swampy 
forests  of  the  Carboniferous  period,  the  forests 
of  ferns  and  elub  mosses  from  which  modern 
industries  have  evolved.  Why  was  this  the 
age  of  coal?  And  why  has  no  other  age  pro- 
duced coal  in  such  quantities?  We  know  that 
the  lush  growth  of  the  Carboniferous  ex- 
tended over  the  earth,  and  tree  ferns  flour- 
ished within  a few  degrees  of  the  poles.  The 
air  was  composed  mainly  of  carbon  dioxide 

and  nitrogen;  there  was  little  oxygen,  but  a 
great  deal  of  moisture.  The  heavy  blanket  of 
carbon  dioxide  and  moisture  preventeTJdre 
earth's  heat  from  escaping.  Tropical  condi- 
tions therefore  existed  even  in  the  present 
temperate  zones.  These  conditions  favored 
luxuriant  growth.  But  this  growth  reduced 
the  amount  of  carbon  dioxide  in  the  air  and 
increased  the  amount  of  oxygen.  In  this  way 
the  composition  of  the  air  gradually  changed 
so  that  it  could  support  life  on  the  land. 

Then  came  the  glaciers  from  the  South 
Pole.  They  came  much  earlier  and  advanced 
much  nearer  the  equator  than  those  from  the 

THINGS  TO 

Respiration  is  the  slow  oxidation  of  food  ma- 
terial in  the  cells  of  the  body  with  the  release  of 
carbon  dioxide,  water,  and  heat  energy. 

Air  contains  about  0.04  percent  carbon  di- 
oxide. 

Combustion  and  respiration  tend  to  inerease 
the  amount  of  carbon  dioxide  in  the  air;  photo- 
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north.  Waters  of  the  earth  became  trapped  in 
ice  fields,  the  levels  of  oceans  fell,  marshes 
dried  up,  and  the  air  lost  its  steamy  moisture. 
As  the  glaciers  advanced,  the  cold  dry  winds 
blasted  the  jungles  of  fern  and  club  moss, 
which  could  not  withstand  these  hard  condi- 
tions. So  ended  the  period  of  the  Carbonifer- 
ous plants. 

Energy  in  Fuels.  The  wheels  of  industry  are 
turned  by  energy.  Whether  it  is  obtained 
from  coal  or  gasoline,  this  energy  has  come  to 
us  from  the  sun.  The  heat  energy  we  get  from 
the  combustion  of  coal  or  gasoline  is  the  re- 
leased energy  of  the  sun  that  came  to  the 
earth  in  past  ages.  Today  we  are  drawing 
upon  the  earth’s  savings  of  coal  and  oil. 
Eventually  the  stock  will  be  exhausted.  We 
are  living  beyond  our  means  in  terms  of 
energy,  like  the  man  who  draws  heavily  upon 
his  savings  instead  of  managing  on  his  cur- 
rent income.  A solution  to  the  photosynthesis 
problem  is  therefore  urgent.  When  scientists 
have  found  it,  the  world  will  have  ample  fuels 
from  current  supplies. 

REMEMBER  

synthesis  and  solubility  in  water  tend  to  reduee 
it. 

Photosynthesis  is  the  making  of  carbohydrates 
from  earbon  dfoxide  and  water  by  means  of  chlo- 
rophyll and  sunlight.  It  is  an  operation  in  na- 
ture, not  a laboratory  reaction. 

The  circulation  of  carbon  dioxide  in  nature  is 
called  the  carbon  dioxide  cycle. 


QUESTIONS 


§ 


A 

Explain  the  terms:  {a)  carbohydrate;  (b) 
photosynthesis;  (c)  respiration. 

What  is  a catalyst?  Give  an  example. 

What  is  chlorophyll?  Describe  its  use. 

In  the  air,  what  is  the  percentage  of:  (a) 
oxygen;  (h)  carbon  dioxide? 

Name  the  faetors  that  tend  to  inerease  the 
carbon  dioxide  in  the  air,  and  those  which 
tend  to  decrease  it. 


B 

(^.  Explain  the  proeess  of  respiration. 

Explain  how  a limestone  mountain  may 
provide  lime  for  the  shells  of  sea  animals. 

(zl  (a)  Write  an  equation  for  the  photosynthe- 
sis reaction. 

(b)  Compare  photosynthesis  and  combus- 
tion. 

What  is  the  carbon  dioxide  cycle?  Explain. 
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TO.  Explain  the  cause  of  the  luxuriant  plant 
growth  in  Carboniferous  times. 

PROJ  I 

1.  To  Show  That  Starch  Is  Formed  in  Leaves  in 
the  Presence  of  Sunlight.  Shield  two  or  three 
leaves  of  a potted  geranium  from  light  by  an 
envelope  of  black  paper.  The  black  paper 
used  to  wrap  photographic  paper  is  satisfac- 
tory for  this  purpose.  The  black  wrapping 
should  be  put  in  place  during  the  afternoon 
of  one  day  and  the  plant  left  to  grow  in  the 
light  during  the  next  day. 

During  the  afternoon  of  the  second  day  cut 
from  the  plant  a leaf  that  has  been  exposed  to 
light  and  also  one  that  has  been  wrapped  in 
black  paper.  Drop  the  leaves  into  hot  water 
and  leave  them  for  about  five  minutes. 

Now  place  the  two  leaves  in  separate  petri 
dishes.  Spread  them  out  gently,  being  care- 
ful not  to  tear  them.  Cover  them  with  al- 
cohol to  extract  the  chlorophyll.  After  the 
chlorophyll  is  extracted,  both  leaves  are  com- 
pletely discolored,  and,  judged  by  outward 
appearances,  they  look  alike.  The  following 
chemical  test,  however,  will  distinguish  be- 
tween them. 

A drop  of  tincture  of  iodine  turns  a starch 

REVIEW  QUESTIO 
A 

(J.  With  what  do  you  associate  the  following 

names:  (a)  Williams;  ( b ) (l^esseme^  (cj 
Davy;  (d)  Nobel;  {e)  PcrkmT  ~ 

Which  fuel  do  you  associate  with  each  of 
the  following  provinces:  {a)  Alberta;  {b) 
Saskatchewan;  (c)  Ontario? 

. Which  fuel  do  you  associate  with  each  ot 
the  following  countries:  (a)  England;  (b) 
Canada;  (c)  Iraq;  (d)  Russia;  (e)  Vene- 
zuela? 

|4.  What  event  do  you  associate  with  each  of 
the  following  cities:  (a)  London;  (b)  Cor- 
dova; (c)  Moscow;  (d)  Baltimore;  (e) 
Lambton  County? 

5.  State  the  meanings  of  the  following  words: 

(a)  photosynthesis;  (b)  seismograph;  (c) 
curfew;  (d)  lignite;  (e)  cracking. 

6.  Define  the  terms:  (a)  kindling  tempera- 
ture; (b)  fractional  distillation;  (c)  destruc- 
tive distillation;  (d)  hydrocarbon;  (e)  car- 
bohydrate. 


G 1 . Discuss  some  of  the  benefits  that  will  result 
when  scientists  are  able  to  carry  out  the 
photosynthesis  reaction. 
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solution  blue;  tincture  of  iodine  can  therefore 
be  used  to  indicate  the  presence  of  starch. 
Leaving  only  a small  quantity  of  alcohol  in 
each  petri  dish,  add  from  2 to  4 drops  of  io- 
dine tincture  and  mix  well  by  rocking  the 
dishes.  A dark  blue  color  develops  rapidly  in 
the  leaf  that  has  been  exposed  to  light  but 
not  in  the  leaf  that  has  been  kept  in  the  dark. 
What  conclusion  can  you  draw  from  this  ex- 
periment? 

This  operation  should  be  repeated  on  the 
afternoon  of  the  third  day  to  confirm  this 
result. 

2.  To  Show  the  Breathing  of  Plants.  Place  small 
whole  plants  in  each  of  two  jars  (Mason  jar 
type).  Seal  the  jars  tightly  and  place  one  in 
a dark  room  and  the  other  in  sunlight.  After 
two  or  three  days  test  the  air  in  each  jar  for 
carbon  dioxide.  To  do  this,  dip  a glass  rod  in 
limewater  and  hold  the  end  in  one  of  the  jars. 
Repeat  the  test  for  the  other  jar.  The  lime- 
water  turns  milky  only  in  the  jar  that  has 
been  in  the  dark  room.  What  does  this  ex- 
periment prove? 

NS  ON  UNIT  5 

7.  State  the  composition  of  the  following:  {a) 
water  gas;  (b)  natural  gas;  (c)  coke;  (d) 
gasoline. 

8.  How  are  the  following  transported:  '(d) 
crude  oil  from  Edmonton  to  Sarnia;  (b) 
natural  gas  from  Alberta  to  Montana? 

9.  State  the  nationalities  of  the  following  sci- 
entists: (a)  Lavoisier;  (b)  Nobel;  (c)  Bun- 
sen; (d)  Watt. 

TO.  Write  a significant  statement  about  each 
of  the  following:  {a)  Prometheus;  (b)  the 
“Eternal  Fires";  (c)  Carboniferous  period; 
(d)  alchemy. 

T T . Describe  chemical  tests  by  which  you  could 
recognize  oxygen  and  carbon  dioxide. 

12.  (a)  What  is  a catalyst?  (b)  Give  an  ex- 
ample. 

13.  State  which  of  the  following  materials  are 
combustible:  hydrogen,  oxygen,  wood,  car- 
bon tetrachloride,  kerosene,  nitrogen,  car- 
bon dioxide. 
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14.  If  both  powdered  coal  and  gunpowder  are 
strongly  heated  out  of  contact  with  the  air, 
what  would  be  expected  to  happen  in  each 
case? 

15.  Compare  the  formation  of  coal  with  that  of 
oil. 

16.  Which  is  the  best  method  of  extinguishing : 

(a)  a coal  fire;  (b)  a small  gasoline  fire; 
(c)  a fire  of  natural  gas  burning  at  the  end 
of  a pipe?  Give  reasons  for  your  answers. 

17.  Coke,  water  gas,  and  gasoline  all  liberate 
heat  when  they  combine  with  the  oxygen  of 
the  air.  Explain  how,  in  each  case,  man  has 
used  this  source  of  heat  to  his  own  advan- 
tage. 

18.  What  is  the  difference  between  a luminous 
and  a nonluminous  Bunsen  flame?  Which 
is  the  hotter?  Why? 

19.  What  three  different  types  of  illumination 
have  been  used  by  coal  miners?  Which  are 
safe  and  why? 

20.  (a)  Name  the  three  fire  extinguishers  that 

use  carbon  dioxide  as  the  extinguishing 
agent. 
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{b)  How  is  the  carbon  dioxide  generated 
in  each  case? 

21 . Describe  briefly  the  three  methods  by  which 
gasoline  is  obtained  in  industry. 

22.  Of  the  following  pairs  which  would  you  say 
is  the  more  important  substance:  (a)  natu- 
ral gas  or  hydrogen;  (h)  coal  or  oil?  Why? 

23.  (a)  How  does  fractional  distillation  differ 

from  ordinary  distillation? 

(b)  Why  does  lubricating  oil  condense 
near  the  bottom  of  the  tower  and  gaso- 
line condense  at  the  top? 

24.  (a)  What  is  destructive  distillation? 

(b)  Why  is  the  destructive  distillation  of 
coal  an  important  industrial  process? 

25.  Why  were  the  conditions  of  the  Garbon- 
iferous  period  more  favorable  than  present- 
day  conditions  for  the  formation  of  coal? 

26.  {a)  Draw  and  label  the  parts  of  a candle 

flame. 

(b)  Write  an  equation  for  the  reaction  in 
the  flame. 

(c)  Explain  briefly  how  you  would  test  for 
the  products  formed  in  this  flame. 
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In  oiir  civilization  we  take  complex  ma- 
chines, such  as  a newspaper  printing  press  or 
a power  generator  or  a steam  shovel,  more  or 
less  as  a matter  of  course.  It  took  man  cen- 
turies to  develop  the  complex  machines  that 
respond  to  the  touch  of  a button  or  the  pres- 
sure on  a lever.  But  all  our  modern  machines, 
howe\’er  complex,  are  adaptations  of  six 
simple  devices  that  were  in  use  three  thousand 
years  ago.  These  simple  machines  are  the  in- 
clined plane,  the  screw,  the  wedge,  the  lever, 
the  pulley,  and  the  wheel  and  axle. 

Probably  the  oldest  machine  is  the  /ever. 
The  simplest  lever  is  a plain  stick.  When  a 
primitive  man  used  a stick  to  pry  rocks  out 
of  the  ground,  he  was  using  his  stick  as  a lever. 
The  advantage  of  the  lever  is  that  it  can  be 
used  to  lift  heavy  weights  with  the  application 
of  a small  force.  About  220  b.c.  Archimedes 
recognized  the  possibilities  of  the  lever  when 
he  exclaimed,  ‘'Give  me  a lever  long  enough, 
and  a fulcrum  strong  enough,  and  single- 
handed  I can  move  the  world.” 

Long  before  the  time  of  Archimedes,  how- 
ever, much  construction  was  done  with  the 
aid  of  simple  machines.  The  best-known  ex- 
ample is  the  Great  Pyramid  in  Egypt,  which 
was  built  more  than  five  thousand  years  ago. 
This  structure,  which  was  481  feet  high,  was 
erected  with  the  aid  of  inclines,  wedges,  and 
pulleys.  Though  it  is  a monument  to  the 
knowledge  and  skill  of  the  engineer,  it  is  also 
a monument  to  the  barbarity  of  the  times. 
According  to  one  historian,  100,000  slaves 
worked  for  20  years  in  the  construction  of 


the  Great  Pyramid,  and  many  thousands  lost 
their  lives  while  working.  In  contrast,  the 
Hoover  Dam,  which  is  larger  than  the  Great 
Pyramid,  was  built  by  1,200  men  in  21 
months. 

These  data  show  clearly  the  difference  be- 
tween the  effectiveness  of  the  simple  machines 
used  by  the  ancients  and  that  of  the  machines 
in  use  today.  Early  machines  increased  the 
scope  of  human  or  animal  effort.  They  had  to 
be  operated  by  muscular  effort  but  thev  re- 
duced the  force  that  had  to  be  applied  to  do 
the  task.  This  was  true  of  all  machines  with 
the  exception  of  water  wheels  and  windmills 
and  other  devices  which  depended  on  forces 
in  nature — wind  and  water  power.  The  mod- 
ern machine,  however,  does  far  more  than 
reduce  muscular  effort.  It  can  be  operated 
almost  without  human  effort.  The  locomo- 
tive, the  internal-combustion  engine,  and  the 
electric  motor,  for  example,  eliminate  mus- 
cular effort  almost  entirely. 


Work. 


machine  is  am 


man  in  doing  a task.  Since  a task  involves 
work,  before  studying  machines,  you  must 
understand  what  the  scientist  means  by  the 
term  “work.” 

Most  people  probably  believe  that  when 
they  are  pulling  and  pushing  something  they 
are  doing  work.  But  to  a seientist,  pulling 
and  pushing  are  not  necessarily  doing  work. 
Let  us  see  why.  If  a boy  tugs  on  a heavy  box 
but  is  unable  to  move  it,  he  may  be  exerting  a 
large  force,  and  may  get  very  tired,  but  he  has 
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not  done  work.  But  if  he  exerts  a foree  that 
pushes  the  box  to  another  plaee,  he  is  doing 
work.  Work  invQlv.es  bnth  iarce  and  distance. 

Consider  another  example.  Suppose  that 
you  are  earrying  a heavy  suitease  along  the 
platform  of  a railway  station.  Your  arm  is 
exerting  an  upward  foree  to  hold  up  the  suit- 
ease,  but  the  foree  does  not  move  the  suitcase. 
Because  the  suitcase  does  not  move  in  the 
direction  in  which  the  force  is  applied,  you 
are  not  doing  work.  If  you  carry  the  suitcase 
up  a ladder,  however,  you  are  moving  the  suit- 
case upward  in  the  same  direction  as  the 
force  you  are  applying.  Now  you  are  doing 
work.  Only  when  a force  produces  motion  is 
work  done,  and  the  work  is  the  t>roduct  of  the 

force  and  the  distance  through  which  that 

force  moves.  That  is. 

Work  = force  x distance 

Work  is  expressed  in  units  that  are  combina- 
tions of  simple  force  and  distance  units.  A 
common  unit  of  work  is  the\foot-pound^i  If 
a boy  tries  to  push  a trunk  across  the  floor 
with  a force  of  40  pounds  and  fails  to  move 
it,  he  does  no  work.  If  he  moves  it  one  foot, 
he  does  40  foot-pounds  of  work;  if  he  moves  it 
10  feet,  he  does  400  foot-pounds  of  work.  A 
locomotive,  on  the  other  hand,  exerts  forces 
measured  in  tons  and  covers  distances  meas- 
ured in  miles.  The  work  unit  to  describe  such 
work  is  the[ton-mile\ 

Power.  Power  is  the  rate  at  which  work 
is  done.  The  shorter  the  time  required  to 
do  work,  the  greater  the  power.  If,  in  the 
example  above,  the  boy  pushes  the  trunk  10 
feet  in  5 seconds,  he  is  exerting  more  power 
than  if  he  does  the  same  job  in  20  seconds. 
If  it  takes  him  5 seconds  to  do  the  job,  his 
rate  of  doing  work  is 

force  X distance"^ 

Power  = 

40  X 10 
""  5 

= 80  foot-pounds  per  second. 
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If  he  takes  20  seconds,  his  power  is  only 

40X10  7nf4-lK/ 

, or  20  ft-lb/sec. 

20 

The  amount  of  work  done  is  the  same  in 
both  instances,  but  the  power  is  much  less  in 
the  second  instance. 

Notice  that  the  unit  of  power  is  derived  by 
dividing  the  unit  of  work  by  the  unit  of  time. 
What  power  unit  might  well  be  used  for 
locomotives? 

Horsef>ower.  Another  method  of  expressing 
power  was  developed  in  the  early  days  of  the 
Industrial  Revolution,  when  steam  engines 
first  replaced  horses  as  the  source  of  power 
in  mills  and  factories.  Experiments  made  by 
James  Watt,  the  inventor  of  the  modern 
steam  engine,  showed  that  a good  horse  could 
do  foot-pounds  of  work  per  second.  This 
rate  Watt  called  one  horsepower.  His  4-horse- 
power engine  could  replace  four  horses  and 
do  4 X 550,  or  2200  ft-lb/sec.  Some  modern 
automobile  engines  develop  over  100  horse- 
power. 

A boy  can  test  his  horsepower  by  a simple 
experiment.  If  he  knows  his  weight  and  the 
vertical  height  of  a flight  of  stairs,  he  can 
calculate  his  horsepower  by  finding  out  how 
long  it  takes  him  to  run  up  the  stairs.  If  he 
weighs  150  pounds  and  runs  up  a flight  of 
stairs  44  feet  high  in  15  seconds,  his  horse- 
power is  found  as  follows: 


H.P. 


150  X 44 
“ 550  X 15 
= Ys  h.p. 


The  power  needed  for  a job  is  just  as  im- 
portant as  the  work  to  be  done.  If  a ditch 
must  be  dug,  ten  men  can  do  it  more  quickly 
than  one  man  because  their  combined  power 
is  ten  times  as  great  as  that  of  one  man.  If 
the  ditch  must  be  dug  quickly,  to  drain  a 
flooded  region  for  instance,  the  greater  power 
of  the  ten  men  is  economically  important. 
And  a machine  that  can  do  the  same  job  even 
more  rapidly  is  still  better. 
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Fig.  30—1.  On  a frictionless  inclined  plane  the  work 
input  equals  the  work  output.  The  work  input  here 
is  50  lb.  X 16  ft.,  and  the  work  output  is  200  lb. 

X 4 ft. 

Simple  Machines.  The  force  required  to  do 
a job  is  often  greater  than  a human  being  can 
exert.  Usually  one  of  the  simple  machines 
can  provide  the  necessary  force.  Then  the 
man  exerts  a force  on  the  machine,  using  such 
strength  as  he  has,  and  the  machine  trans- 
forms this  applied  force,  or  effort,  into  a more 
useful,  larger  force.  The  work  done  by  the 


271 

machine  (output),  however,  cannot  he  greater 
than  the  work  put  into  it  (input). 

The  Inclined  Plane.  One  of  the  simple  ma- 
chines used  in  lifting  weights  is  the  inclined 
plane.  Suppose  a box  weighing  200  pounds  is 
to  be  lifted  from  the  ground  to  the  body  of  a 
truck  4 feet  above  the  ground.  The  work  re- 
quired to  lift  200  pounds  through  4 feet  is 
800  foot-pounds.  The  average  man  cannot 
lift  200  pounds  through  4 feet.  Then  how 
can  the  job  be  done? 

One  method  is  to  make  an  inclined  plane 
by  placing  one  end  of  a long  board  on  the 
ground  and  the  other  on  the  truck,  and  then 
pushing  the  box  up  the  slope. 

We  can  analyze  this  machine  by  studying 
the  work  output  and  the  work  input  as  shown 
in  Fig.  30-1.  Remember  that  the  work  to  be 
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Fig,  30—2.  Rowena  loops  on  the  Columbia  River  Highway,  Route  30,  between  Hood  River  and 

The  Dalles,  Oregon. 
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done,  that  is,  the  output,  is  800  foot-pounds. 
The  machine  cannot  reduce  the  work  required 
to  get  the  box  onto  the  truck.  (For  simplic- 
ity we  shall  disregard  friction.)  The  force 
exerted  along  the  length  of  the  plane  must 
therefore  be  sufficient  to  do  800  foot-pounds 
of  work.  Suppose  the  board  is  16  feet  long. 
Then  the  work  input  will  be  the  unknown 
fojc£  .(^)  times  the  distance  moved  (16  . feet)., 
and  this  must  equal  the  output  (800  foot- 
pounds ) : 

F X 16  = 800 
F = 50  lb. 


Fig.  30—3.  A screw  is  an  inclined  plane  wrapped 
around  a rod. 

In  other  words,  a push  of  50  pounds  along 
the  whole  length  of  the  16-foot  plank  will 
do  the  same  amount  of  work  as  a force  of  200 
pounds  exerted  directly  upward  through  4 
feet.  In  a frictionless  machine  the  work  out- 
put equals  the  work  input.  If  a machine  in- 
creases the  force  that  is  applied  to  it,  the 
motion  will  be  reduced. 

Mechanical  Advantage.  An  inclined  plane 
is  clearly  a useful  device.  We  describe  the 
degree  of  usefulness  by  the  ratio  of  the  resist- 
ance, or  force  overcome,  R,  to  the  effort,  or 
force  applied,  E.  This  ratio  is  called  the  me- 
chanical advantage  (M.A.)  of  the  machine, 
a term  already  discussed  in  Chapter  7.  For 
the  inclined  plane  mentioned  above,  the 
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mechanical  advantage  is  shown  in  the  follow- 
ing equation. 


Roads  running  up  the  sides  of  mountains 
often  fold  back  and  forth  in  hairpin  turns  so 
that  they  will  form  several  inclined  planes  and 
thus  provide  the  greatest  possible  mechanical 
advantage  for  automobiles  in  climbing.  For 
the  same  reason,  a boy  finds  it  easier  to  ride 
a bicycle  up  a steep  hill  if  he  steers  back  and 
forth  across  the  road. 


Fig.  30—4.  Builder's  jackscrew. 


Screws.  A screw  can  be  thought  of  as  an  in- 
clined plane  wrapped  around  a rod,  as  shown 
in  Fig.  30-3.  Thus  a builder’s  jackscrew,  like 
the  one  in  Fig.  30-4,  lifts  a building  of  weight 
R by  the  distance  between  threads  p \Aen 
the  screw  is  turned  one  revolution.  This  ais- 
tance  is  called  the  pitch  of  the  screw.  The 
force  E applied  to  the  handle  moves  through 
the  circumference  of  the  large  circle  of  radius 
r.  Therefore,  in  one  complete  turn,  the  work 
input  is  E X Zxr  and  the  work  output  is  R X 
p.  If  friction  is  small,  these  are  equal: 

E X 2xr  = R X p 

Thus  a force  of  50  pounds  moving  in  a circle 
whose  radius  is  2 feet  can  raise  a load  of  over 
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29,000  pounds  if  the  pitcli  of  the  screw  is  |- 
inch,  or  ^ X feet: 

50  X X 2 = R X 7}  X -h 
R = 29,144  lb. 

In  reality,  friction  would  reduce  this  figure  to 
less  than  half  the  value  shown.  Though  fric- 
tion  increases  the  work  required  to  operate  a 
machine,  it  is  often  very  helpful.  In  this  case 
it  prevents  the  screw  from  turning  backwards 
as  soon  as  the  effort  is  removed.  Without 
friction  screws  would  not  hold  in  wood,  nor 
would  nuts  stay  tight  on  bolts. 

Other  Uses  of  Screws.  Boat  and  airplane 
propellers  are  screws  that  move  through  water 
and  air  respectively.  The  blades  of  an  air- 
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Fig.  30—5.  The  blades  of  an  airplane  propeller  act 
like  a screw  moving  through  air,  pulling  the  airplane 
after  it. 

plane  propeller,  for  instance,  move  with  cir- 
cular sweeps,  as  shown  in  Fig.  30-5,  and  push 
against  the  air  with  sufficient  force  to  move 
the  airplane  forward. 

Wedges.  The  wedge,  commonly  used  to  split 
wood  (see  Fig.  30-6)  is  really  a short  in- 
clined plane.  The  long  sides  of  the  wedge 
move  into  the  wood  and  separate  it  by  a short 
distance.  Tremendous  splitting  forces  can  be 
developed  from  hammer  blows  on  the  end  of 
the  wedge.  But  again,  friction  is  so  great  that 
the  forces  cannot  be  easily  computed. 

Machine  drills  and  wood  bits  are  combina- 
tions of  simple  screws  and  wedges  used  for  cut- 
ting holes.  The  cutting  edge  of  the  tool  is  the 
wedge  and  the  screw  is  the  part  that  removes 
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the  material.  The  coal  face  in  a mine,  for  im 
stance,  is  bored  with  large  screws  which  make 
deep  holes  to  receive  the  explosive  charge. 

The  Lever.  The  lever  is  another  simple  ma- 
chine. It  has  many  forms  and  is  very  useful. 
A crowbar,  for  example,  is  a simple  lever  used 
in  moving  heavy  weights.  When  a man  wants 
to  lift  a heavy  object,  he  puts  the  tip  of  the  bar 
under  the  object  and  raises  the  handle  of  the 
bar.  Let  us  consider  the  work  done  by  the 
man  and  the  work  done  by  the  crowbar.  Sup- 
pose the  bar  is  5 feet  long  and  the  load  rests  on 
the  bar  6 inches  from  the  end  (see  Fig.  30-7) . 
If  the  upward  force  exerted  upon  the  load  is 
300  pounds  (known  as  the  resistance),  the 
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Fig.  30—6.  The  wedge  is  a form  of  inclined  plane. 

work  done  in  lifting  it  2 inches  is  600  inch- 
pounds.  The  equivalent  work  (neglecting  fric- 
tion) must  be  done  by  the  man.  But  to  raise 
the  load  2 inches  he  must  raise  the  crowbar  20 
inches,  as  shown  in  Fig.  30-7.  Let  us  see  how 
great  a force  (called  the  effort)  he  must  exert 
to  do  600  inch-pounds  of  work. 

Ex  20  = 600 
E = 30  lb. 

In  this  example  a force  of  30  pounds  can  lift 
a load  of  300  pounds.  The  mechanical  advan- 
tage of  the  crowbar  therefore  is  300/30,  or  10. 
The  point  about  which  the  motion  occurs  is 
called  the  fulcrum.  In  this  case,  it  is  the  end 
of  the  crowbar.  Note  that  the  ratio  of  the 
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30  lbs. 


distance  between  the  fulerum  and  the  load 
foot ) and  the  distanee  between  the  fulcrum 
and  the  handle  (5  feet)  is  1:10.  That  is,  the 
forces  E and  R are  inversely  proportional  to 
their  distances  from  the  fulerum.  The  nut- 
eracker  is  a lever  of  the  same  type  as  the  crow- 
bar. Can  you  identify  the  fulerum,  the  effort, 
and  the  resistanee  in  Fig.  30-8? 

A seeond  type  of  lever  is  illustrated  in  a pair 
of  scissors.  In  this  lever  the  fulcrum  is  near 


Fig.  30—8.  Can  you  point  out  the  fulcrum,  effort, 
and  resistance  when  this  lever  is  being  used  to 
crack  a nut? 


as  shown  in  Fig.  30-9.  In  whieh  ease  is  the 
effort  eloser  to  the  fulerum  than  the  resist- 
anee? Whieh  would  have  the  greater  mechan- 
ieal  advantage?  Is  this  neeessary?  Is  it  reason- 
able? 

The  Fixed  Pulley.  A lever  has  one  great 
disadvantage:  the  distance  through  whieh  it 
can  move  is  limited.  For  instanee,  the  short 


paper 


Paper  Shears 


Fig.  30—9.  The  action  of  tin  snips  and  paper  shears. 


the  middle,  at  the  joint  between  the  handles 

and  the  blades.  When  an  effort  is  applied  at 
the  handles,  the  resistanee  of  a pieee  of  paper 
is  overcome  by  the  blades.  The  forces  depend, 
again,  on  their  distanee  from  the  fulcrum.  If 
the  paper  resists  with  a foree  of  2 ounees  at  a 
point  3 inehes  from  the  fulerum,  then  a force 
of  3 ounees  must  be  exerted  on  the  handle  at 
a point  2 inches  from  the  fulcrum.  Can  you 
express  this  in  the  form  of  an  equation? 

Compare  the  action  of  tin  snips  used  for 
cutting  sheet  metal  with  that  of  paper  shears, 


end  of  a lever  like  the  one  shown  in  Fig. 
30-10  is  sometimes  used  on  farms  to  lift  a 
bueket  of  water  from  a well.  But  this  system 
eannot  be  used  when  the  well  is  deep,  beeause 
the  lever  eannot  raise  the  bueket  through  a 
sufEeient  height.  If  a seeond  lever  eould  be 
added  to  the  first,  however,  to  take  over  when 
the  first  beeame  useless,  the  amount  of  motion 
would  be  inereased.  And  with  three  or  four 
levers,  as  in  Fig.  30-11,  still  more  distanee 
eould  be  eovered.  Such  a multiple  lever  sys- 
tem is  actually  a pulley,  in  which  the  rope 
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Fig.  30—10.  A simple  lever  helps  lift  vv'ater  from 
a well. 


comes  up  one  side  and  goes  down  the  other. 

A simple  fixed  pulley  of  this  type  is  shown 
in  Fig.  30-12.  With  such  a pulley  a man  on 
the  ground,  by  pulling  down,  can  lift  a load  of 
hay  into  the  loft  of  a barn.  The  foree  he  exerts 
is  exactly  equal  to  the  weight  of  the  load  of 
hay.  The  pulley  merely  enables  the  man  to 
raise  the  load  to  a higher  position  by  pulling 
down  rather  than  by  lifting  up.  What  is  the 
mechanical  advantage  of  sueh  a pulley? 

The  Movable  Pulley.  There  are  other 
methods  of  running  ropes  through  pulleys  that 
make  them  still  more  useful.  For  instance,  the 
load  to  be  raised  may  be  tied  to  the  axle  of  the 


Fig.  30—12.  A fixed  pulley  changes  the  direction 
of  a force. 

pulley,  as  in  Fig.  30-13.  Then  one  end  of 
the  pulley  rope  is  tied  to  a strong  support  and 
the  other  end  is  pulled  upward.  A simple  ex- 
periment shows  that  by  this  device  nearly 
twice  as  heavy  a load  can  be  lifted  as  with  a 
fixed  pulley. 


Fig.  30—1  1.  Several  levers  will  increase  the  distance 
moved. 


Fig.  30—13.  A movable  pulley  goes  with  the  load. 
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Demonstration  30-1.  The  Movable  Pulley. 

Arrange  a pulley  system  as  shown  in  Fig. 
30-14.  Hang  a 1000-gram  load  on  the  pulley, 
and  attach  a spring  balance  (reading  zero  to 
2000  grams)  to  the  free  end  of  the  string.  Read 
the  balance  while  the  load  is  slowly  being  lifted. 
Raise  the  balance  10  inches,  and  measure  the 
distance  through  which  the  load  moved. 


Yardstick 


What  is  the  effort  applied  to  this  machine? 
What  is  the  resistance?  What  is  the  mechani- 
cal advantage  of  a single 
movable  pulley?  How  does 
the  distance  moved  by  the 
effort  compare  with  the  dis- 
tance moved  by  the  load? 
How  does  a movable  pulley 
differ  from  a fixed  pulley? 

With  a movable  pulley 
the  spring  balance  should 
read  one  half  as  much  as 
the  load.  This  can  be  ex- 
plained by  comparing  the 
pulley  with  a lever,  as  shown 
in  Fig.  30-15.  The  effort  is 
applied  at  E,  the  resistance 
is  at  R,  and  the  fulcrum  is 
at  O.  Therefore  the  effort 
is  twice  as  far  from  the  ful- 
the  resistance, 


r 

‘ 1000 
qroms 


Fig.  30—14.  Ex- 
perimental arrange- 
ment for  testing  a 
movable  pulley. 


crum  as  is 

and  must  move  twice  as  far  when  the  load  is 
raised.  The  work  output  (R  X h)  equals  the 
work  input  (E  X d),  from  which  we  see  that 
if  d is  twice  the  distance  h,  then  the  effort  E 
is  one-half  the  resistance  R.  Thus  the  me- 
chanical advantage  of  a movable  pulley  is  2. 


Combinations  of  Pulleys.  When  a farmer 
lifts  hay  into  the  loft  of  his  barn,  it  is  more 
convenient  to  pull  the  rope  down  than  up. 
This  can  be  accomplished  by  combining  a 
fixed  pulley  with  the  movable  one,  as  in  Fig. 
30-16.  The  fixed  pulley  merely  changes  the  di- 
rection of  the  rope.  The  mechanical  advan- 
tage of  the  combination  is  the  same  as  that  of 
a movable  pulley,  that  is,  2.  The  usefulness  of 
the  system,  however,  is  increased. 

If  the  rope  from  the  fixed  pulley  is  passed 
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Fig.  30—15.  A movable  pulley  is  like  a lever  with 
a fulcrum  at  one  end.  The  mechanical  advantage 
is  2. 

through  a second  movable  pulley,  which  also 
supports  the  load,  as  in  Fig.  30-17,  the  me- 
chanical advantage  becomes  2 x 2,  or  4. 
What  effort  is  required  in  this  case  to  lift  a 
1000-gram  load?  How  far  must  the  effort  be 
moved  to  lift  the  load  5 inches? 

More  fixed  and  movable  pulleys  may  be 
added  to  the  system.  But  more  than  six  of 
each  kind  makes  a clumsy  arrangement,  and 
other  types  of  machines  are  more  useful. 

Wheel  as^d  Axle.  Another  simple  machine 
consists  of  two  pulleys  of  different  diameters 
fixed  firmly  to  the  same  shaft,  as  shown  in  Fig. 
30-18.  The  load  is  hung  from  a rope  wound 
around  the  small  pulley,  usually  called  the 
axle;  effort  is  applied  to  the  rope  on  the  large 


[w] 

Load 


Fig.  30—1 6.  The 
mechanical  advan- 
tage of  this  system 
is  2. 


Fig.  30-17.  The 
mechanical  ad- 
vantage of  this 
system  is  4. 
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pulley,  usually  called  the  wheel.  If  the  effort 
causes  the  wheel  to  make  one  complete  rota- 
tion, the  effort  will  move  a distance  equal  to 
the  circumference  of  the  wheel,  while  the  load 
will  be  lifted  a distance  equal  to  the  circum- 
ference of  the  axle,  a much  shorter  distance. 
We  know  that  work  input  equals  work  output. 


Fig.  30—18.  A small  effort  can  lift  a large  load  on 
drums  of  different  size. 

Therefore  the  greater  the  distance  moved  by 
the  effort,  the  smaller  the  force  needed  to  lift 
a large  load. 

If  the  circumference  of  the  wheel  is  20 
inches  and  that  of  the  axle  is  2 inches,  then 
the  distances  moved  by  the  effort  and  load 
respectively  will  be  in  the  ratio  of  20  to  2. 


Fig.  30—19.  A crank  and  axle  makes  a good 
machine. 

Thus,  neglecting  friction,  the  mechanical  ad- 
vantage of  the  system  is  20/2,  or  10.  In  other 
words,  a 5-pound  force  at  E could  lift  a 50- 
pound  load.  How  would  you  express  the  me- 
chanical advantage  of  a wheel-and-axle  system 
in  terms  of  the  radii  of  the  wheel  and  axle? 

The  large  pulley,  or  wheel,  may  be  replaced 
by  a crankj  and  the  small  pulley  may  become 


the  axle  itself,  as  in  Fig.  30-19.  Different 
forms  of  wheel  and  axle  are  used  to  lift 
buckets  of  water  from  wells,  to  tighten  ropes 
on  a boat,  and  to  pedal  bicycles. 

Belts  and  Gears.  Belts  running  continuously 
over  pulleys  are  used  to  transmit  power  from 
an  engine  to  a machine,  such  as  a circular  saw. 


Pulley  Sa  W 

Pulley 

Fig.  30—20.  With  pulleys  of  the  same  size,  the  saw 
goes  at  the  same  speed  as  the  motor. 

If  the  pulleys  are  the  same  size,  as  in  Fig. 
30-20,  there  is  no  change  in  speed  or  force, 
and  the  mechanical  advantage  is  1 . But  if  the 
pulley  on  the  engine  is  larger  than  that  on  the 
saw,  as  in  Fig.  30-21,  the  saw  rotates  more 
rapidly  than  the  engine,  but  with  less  force 
than  when  the  pulleys  are  the  same  size.  The 


Fig.  30—21.  Pu-lley  and  belt  systems  which  increase 
speed.  In  a the  direction  of  rotation  is  not  changed; 
in  b it  is  reversed. 

reverse  is  true  if  the  pulley  on  the  saw  is  larger 
than  that  on  the  engine.  In  other  words, 
what  is  gained  in  force  is  lost  in  speed.  The 
belt  may  be  replaced  by  a chain,  and  the  pul- 
leys by  gears.  Such  an  arrangement  is  used  to 
drive  the  rear  wheel  of  a bicycle.  Can  you  tell 
by  examining  Fig.  30-22,  whether  the  rear 
wheel  will  go  faster  or  slower  than  the  pedals? 
The  links  of  the  chain  fit  over  the  teeth  of  the 
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Fig.  30—22.  A bicycle  wheel  is  driven  by  a com- 
bination of  three  simple  machines.  Can  you  identify 
each  in  the  diagram? 


gears.  The  large  gear  of  a bicycle  usually  has 
49  teeth  and  the  small  gear  18.  The  mechani- 


cal advantage  of  this  system  is  or  0.36.  A 


mechanical  advantage  less  than  1 indicates 
high  speed  and  a decrease  in  force.  In  many 
instances,  as  in  the  gear  systems  of  automo- 
biles, there  is  no  chain  and  the  teeth  of  one 
gear  drive  the  teeth  of  the  other.  In  Fig. 
30-23,  the  large  gear  is  driving  the  small  one. 
What  applies  to  gears  and  chains  is  equally 
true  for  gears  alone.  Can  you  figure  out  the 
mechanical  advantage  of  the  gear  systems  in 


Fig.  30^23.  Automobile  gears. 
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Fig.  30-24?  If  the  first  gear  goes  clockwise, 
which  way  will  the  last  gear  rotate? 


Efficiency.  The  ability  of  a machine  to  do  a 
job  without  great  loss  of  work  in  overcoming 
friction  is  called  the  efficiency  of  the  machine. 
Efficiency  is  the  ratio  of  the  work  done  by  the 
machine  to  the  work  hut  into  it.  Or: 


useful  work  output 

Efficiency  = ^ ^ 

^ work  input 


Since  the  useful  work  output  is  always  less 
than  the  work  input,  the  efficiency  is  always 


SoTeeth 

Fig.  30—24.  Several  gears  in  line  make  a gear  train. 
Can  you  tell  the  speed  of  each  gear  compared  with 
the  first  one? 

less  than  1;  it  is  usually  expressed  as  a percent- 
age. 

Let  us  return,  for  an  example,  to  the  in- 
clined plane  discussed  earlier  on  page  271. 
Suppose  that,  because  of  friction,  a force  of 
60  pounds  instead  of  50  pounds  is  required  to 
push  the  box  up  the  plank.  The  work  output 
is  the  same,  that  is,  800  foot-pounds;  but  the 
input  is  60  x 16,  or  960  foot-pounds.  The 

efficiency  of  the  machine  is  therefore  or 
83.3  percent. 


Ithingsto 

A machine  is  any  device  that  aids  man  in  do- 
ing a task. 

All  machines  are  combinations  of  the  lever, 
pulley,  wheel  and  axle,  wedge,  screw,  or  inclined 
plane. 

Work  equals  the  product  of  a force  and  the 
distance  through  which  it  moves. 

Power  is  the  rate  of  doing  work. 

One  horsepower  is  550  foot-pounds  per  sec- 
ond. 


remember!  

The  work  obtained  from  a simple  machine 
cannot  be  greater  than  the  work  put  into  it. 

If  a machine  increases  the  force  that  is  ap- 
plied to  it,  the  motion  produced  will  be  reduced; 
if  it  decreases  the  force,  the  motion  will  be  in- 
creased. 

Friction  reduces  the  efficiency  of  a machine. 

The  efficiency  of  a machine  is  the  useful  work 
output  divided  by  the  work  input. 

Power  can  be  transmitted  by  belts,  chains,  or 
gears. 
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QUESTION 

10. 


*■1.  What  is  a machine? 
*^2.  Define  the  term  work. 


nr 


►3.  What  units  are  commonly  used  for  work? 
v'4.  How  much  work  is  done  by  a 150-pound 
j boy  in  climbing  stairs  20  feet  high?  ^ ^ 

''5.  Define  the  term  power.  ^ ] A2 

‘'6.  How  many  foot-pounds  per  second  equal 
one  horsepower? 

/y.  How  does  power  differ  from  work?  ]3^ 

8.  Define  the  term  efficiency. 

9.  Draw  a diagram  of  a lever  with  a fulcrum  14. 
between  the  effort  and  the  resistance.  What 
might  such  a device  be  used  for? 


Draw  a diagram  of  a pulley  system  with  a 
mechanical  advantage  of  4,  for  use  in  haul- 
ing a boat  up  on  a beach. 

B 

The  terms  force  and  power  are  often  con- 
fused. How  do  they  differ? 

What  must  be  the  horsepower  of  an  engine 
which  lifts  a 220-pound  load  of  hay  up  40 
feet  in  20  seconds? 

Can  a 2-horsepower  engine  lift  as  heavy  a 
load  as  a 5-horsepower  engine?  Explain. 
What  is  the  efficiency  of  a jackscrew  that 
does  400  foot-pounds  of  work  when  1,000 

foot-pounds  are  applied  to  it?  . fU 
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PROJECT 


Using  a Pulley  System.  Obtain  a set  of  two  dou- 
ble pulleys  of  the  size  painters  or  mechanics  use. 
Suspend  them  from  the  ceiling  on  a strong  hook, 
as  shown  in  Fig.  30-25.  Use  rope  at  least  one- 
half  inch  in  diameter. 

Using  the  pulley  system,  lift  a boy  whose 
weight  is  known  through  a distance  of  3 feet. 
Measure  the  effort  with  a strong  spring  balance, 
and  measure  the  amount  of  rope  used  at  the  ef- 
fort. 

Compute  the  work  input,  the  work  output, 
and  the  efficiency  of  the  system. 

Repeat  the  experiment  lifting  a lighter  boy. 
Is  the  efficiency  the  same?  Can  you  explain  this? 

Also  repeat  the  experiment  with  the  ropes  ar- 
ranged as  in  Fig.  30-26.  Is  the  effort  more  or 
less  than  in  the  previous  system?  Why  is  this? 
Does  this  arrangement  have  a different  mechani- 
cal advantage?  Can  you  explain? 

Could  you,  with  either  of  these  pulley  systems, 
lift  a 600-pound  cement  block?  Expkin. 


Fig.  30—25.  A pair  of  double  blocks  and  tackle  can 
be  arranged  as  shown.  Here  four  ropes  hold  up 
the  boy. 

Fig.  30—26.  With  this  pair  of  double  blocks,  five 
ropes  hold  up  the  boy.  What  is  the  mechanical 
advantage  of  this  machine? 
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STEAM  ENGINES 


Steam  is  a vital  part  of  our  modern  indus- 
trial civilization.  It  is  one  of  our  chief  sources 
of  power.  Many  locomotives  that  carry  pas- 
sengers and  haul  freight  to  all  parts  of  the 
country  are  operated  by  steam  power.  Steam 
is  used  also  for  stationary  power,  that  is,  for 


Fig.  31—1.  Newcomen  engine  for  pumping  water. 


driving  machinery  in  factories.  Another  im- 
portant use  of  steam  is  to  generate  electricity, 
as  we  shall  see  in  the  next  unit. 

Steam  was  not  used  as  a source  of  power  un- 
til the  middle  of  the  18th  century.  About  that 
time,  particularly  in  England,  coal  mining  was 
being  developed  and  the  pottery  industry  was 
being  expanded.  Pumps  were  needed  in  the 


coal  mines  to  prevent  flooding,  and  in  the 
potteries  to  supply  a steady  stream  of  water  to 
turn  the  mill  wheels.  An  important  question 
arose:  Could  steam  be  made  to  operate  these 
pumps  using  coal  as  fuel?  In  other  words, 
could  a steam  engine  be  built? 

The  first  practical  steam  engine  was  in- 
vented about  1710  by  an  Englishman  named" 
Newcornen  and  was  used  to  pump  water  out 
ol^ coal  mines.  In  this  engine  water  in  the 
boiler  was  heated  by  a coal  fire  to  make  steam, 
which  entered  the  cylinder  through  valve  Vi, 
as  shown  in  Fig.  31-1.  A spray  of  cold  water 
was  then  injected  into  the  cylinder  through 
valve  V2.  This  caused  the  steam  to  condense, 
thereby  reducing  the  pressure  inside  and  allow- 
ing air  pressure  to  push  the  piston  down.  The 
piston  was  then  raised  by  a counterweight  on 
the  pump  rod,  while  the  Water  was  drained 
from  the  cylinder  through  valve  V3.  Then 
more  steam  entered  the  cylinder,  and  another 
injection  of  cold  water  caused  the  piston  to 
fall  again.  It  was  this  up-and-down  motion 
of  the  piston  that  operated  the  pump. 

The  main  fault  with  Newcomen’s  engine 
was  the  great  waste  of  steam  and  consequently 
of  coal,  caused  by  the  reheating  of  the  cylin- 
ders after  each  injection  of  cold  water.  This 
objectionable  feature  was  overcome  by  James 
Watt,  a Scottish  engineer.  In  1776  Watt  in- 
vented the  steam  engine  which  has  made 
modern  industrial  civilization  possible.  Let  us 
now  consider  the  operation  of  a modern  steam 
engine. 
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The  Steam  Engine.  The  steam  engine  may 
be  a stationary  one  used  for  power  in  factories, 
for  propelling  ships,  and  for  sawing  timber  in 
a forest;  or  it  may  be  a steam  locomotive.  In 
both  engines,  however,  the  operation  is  the 
same : high-pressure  steam  is  the  source  of  the 
power.  The  steam  is  generated  in  a boiler  and 
piped  to  a cylinder,  where  the  energy'  of  the 

■Steam  is  converted  into  motion  and  work.  In 
other  words,  a steam  plant  consists  of  the  two 
essential  parts:  boiler  and  cylinder. 

The  Steam  Boiler.  The  heat  of  the  fire  con- 
verts water  in  the  boiler  into  steam.  The  fire 
may  be  produced  by  burning  \y0i2d,  oil,  or  coal. 


Fig.  31—2.  A water-tube  boiler  with  forced  air  draft 
and  steam  storage. 


The  firebox  and  boiler  are  carefully  designed 
to  produce  as  much  steam  as  possible  from  the 
fuel  used.  Two  types  of  boiler  are  in  common 
use.  In  the  \vater-tube  boiler^  the  water  is  in 
tubes  around  which  the  fire  burns;  in  the  jire- 
tube  boiler,  the  fire  passes  through  tubes 
around  which  the  water  circulates. 

In  the  water-tube  boiler,  shown  in  Fig.  31-2, 
long  steel  tubes  are  built  into  the  top  of  the 
firebox,  and  the  flames  heat  the  water  in  the 
tubes  until  it  turns  into  steam.  The  steam 
collects  at  the  top  of  the  boiler,  where  it  is 
held  until  needed.  As  you  can  see  in  the  illus- 
tration, the  heat  from  the  fire  passes  by  the 
tubes  several  times  so  that  the  water  gets  as 
much  heat  as  possible  before  the  fumes  finally 
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go  up  the  stack.  Water-tube  boilers  are  com- 
monly used  in  powerhouses  and  in  ships  where 
their  vertical  height  can  be  fitted  easily  into 
the  available  space. 

The  fire-tube  boiler  is  usually  a big  steel 
tank  with  steel  pipes  running  from  one  end  of 


Courtesy  Kewanee  Boiler  Corp. 
Fig.  31-3.  A fire-tube  boiler. 


it  to  the  other,  as  shown  in  Fig.  31-4.  The  fire 
from  the  firebox  passes  through  the  pipes  and 
up  the  smokestack.  Water  circulates  around 
the  pipes  and  eventually  turns  into  steam, 
which  collects  in  the  top  of  the  boiler.  Fire- 
tube  boilers  are  used  in  locomotives.  The  long 
tubes  get  the  maximum  heat  from  the  fuel 
gases.  This  is  important  because  the  more 
work  the  engine  has  to  do,  the  more  steam  is 

required  and  the  more  fuel  must  be  burned. 


Fig.  31—4.  Diagram  showing  the  construction  of  a 
fire-tube  boiler  with  forced  draft. 


The  Cylinder.  In  all  steam  engines  tiie 
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steam  from  the  boiler  is  fed  through  a large 
pipe  to  a eylinder  where  it  does  its  work.  The 
flow  of  steam  is  controlled  by  a large  thmUle 
valve.  The  cylinder  shown  in  Fig.  31-5  ,is  a 
steel  tube  C in  which  a tightly  fitting  piston  P 
can  slide  back  and  forth.  An  automatic  slide 
valve  V controls  the  flow  of  steam  into  the 
cylinder  so  that  it  will  push  the  piston  in  the 
right  direction  at  the  right  time. 

The  operation  of  the  cylinder  can  be  fol- 
lowed easily  by  examining  Fig.  31-5.  Let  us 
start  with  the  piston  at  the  right  end  of  the 
cylinder.  When  the  engineer  opens  the  throt- 
tle valve,  steam  flows  from  the  boiler,  past  the 
slide  valve  V,  and  into  the  cylinder,  pushing 
the  piston  to  the  left.  When  the  piston  has 


Fig.  31—5.  Simple  reciprocating  steam/engine. 


gone  about  one-quarter  of  the  way  through  the 
cylinder,  the  slide  valve  closes  and  the  high- 
pressure  steam  in  the  cylinder  expands,  push- 
ing the  piston  the  rest  of  the  way  to  the  left. 
Just  as  the  piston  reaches  the  end  of  its  stroke, 
the  moving  slide  valve  lets  steam  into  the  left 
end  of  the  cylinder.  This  steam  then  pushes 
the  piston  to  the  right,  forcing  out  the  used 
steam  through  the  exhaust  hole  X.  When  the 
piston  reaches  the  end  of  this  stroke,  the  mov- 
ing slide  valve  lets  steam  into  the  right  end  of 
the  cylinder  and  the  action  starts  all  over 
again. 

The  exhaust  steam  has  a lower  temperature 
and  pressure  than  the  steam  in  the  boiler. 
This  is  due  to  the  fact  that  the  steam  has 
expanded  in  the  cylinder,  doing  work  and 
thereby  being  cooled.  In  other  words, 
work  done  by  a steam  engine  comes  directly 
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inder  in  which  steam  pushes  from  one  side 
In  such  engines„a  heavy  flywheel  keeps 
the  engine  rumm^jwhile^The^pis^ 
the  u^eT  sTeam  out  the  exhaust^  so  that  only 
every  pTh^r . strake,„r)£_.the-  piston  produces 
power.  Most  large  ^team  engines,  however, 
use  the  double-acting  type  of  cylinder  in 
which  the  steam  pushes  first  from  one  side, 
then  from  the  other.  This  arrangement  pro- 
vides a smoother  flow  of  power  than  can  be 
obtained  from  the  single-acting  type.  Both 
types  are  reciprocating  engines,  which  jmeans 
that  the  -pis-tons  move  back  andToith. 

Work  from  Heof.  Steam  engines  cannot  do 
work  by  themselves.  They  convert  energy 
from  one  form  to  another.  The  energy  output 
of  a steam  engine  is  derived  from  the  energv 
stored  in  coal  or  oil.  This  energy  is  the  prod- 
uct of  plants  and  animals  of  past  ages. 

The  work  that  can  be  obtained  from  fuel 
depends  on  the  heat  energy  produced  when 
the  fuel  is  burned  and  on  ihe  efficiency  of  the 
engine.  Experiments  show  that  778  foot- 
pounds of  work  are  equivalent  to  one  B.T.U. 
of  heat.  Steam  engines,  of  course,  convert 
heat  to  work,  and  the  same  numerical  relation- 
ship holds;  that  is,  every  B.T.U.  of  heat  pro- 
duced by  the  burning  coal  should  give  778 
foot-pounds  of  work. 

Efficiency  of  Steam  Engines.  Steam  engines 
are  inefficient,  however.  In  spite  of  insulation 
some  heat  is  lost  in  the  boiler,  and  much  more 
is  lost  in  the  engine  itself.  The  engine  uses 
steam  whose  temperature  is  well  above  100°  C., 
and  cools  it  to  100°  C.  by  allowing  it  to  expand. 
The  expansion  produces  the  work.  The  hotter 
the  steam  before  expansion,  the  more  efficient 
is  the  conversion  by  the  engine  of  the  energy 
of  steam  into  work.  For  this  reason  modern 
engines  use  steam  heated  to  about  200°  C. 
at  a pressure  of  225  pounds  per  square  inch. 

To  obtain  a still  greater  efficiency,,  two  oi 
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three  cylinders  may  be  used  for  the  sanie 
steam.  In  such  an  engine  high-pressure  steam 
from  the  boiler  enters  the  first  cylinder  and 
does  some  work  by  expanding  a little.  The 
same  steam  is  then  led  into  the  next  cylinder, 
where  it  does  more  work,  and  in  the  last  cylin- 
der it  finally  expands  to  its  full  extent.  Such 
an  arrangement  is  called  a triple-expansion 


Condensers.  A more  efficient  use  of  the 
steam  is  accomplished  by  reducing  the  temper- 
ature of  the  exhaust  steam  below  100°  C. 
This  can  be  done,  however,  only  if  a partial 
vacuum  is  produced  in  the  exhaust  line  from 
the  cylinder.  Since  steam  below  100°  C.  has 
a pressure  less  than  that  of  the  atmc^li^rp  it 

cannot  escape  from  the  cylinder  against  nor- 
mal air  pressure. 

The  exhaust  steam  itself  is  used  to  produce 
the  vacuum.  It  is  run  into  a tank  where  it  is 
cooled  by  water  and  condensed.  The  volume 
of  the  condensed  water  is  so  much  less  than 
that  of  the  steam  that  a partial  vacuum  is  pro- 
duced, thereby  allowing  the  steam  in  the  cylin- 
der to  expand  more  than  usual  and  do  more 
work. 

Even  with  all  these  improvements  and  de- 
vices, the  over-all  efficiency  of  a steam  locnmn- 
tive  is  not  much  greater  than  12  percent:  and 
the  efficiency j2f_a_st^onary  engine  not  much 
greater  than(22  percent.  Only  because  coal  is 
cheap  and  abundant  is  it  economical  to  oper- 
ate  such  wasteful  engines.  As  we  shall  see 
later,  there  are  more  efficient  methods  for  pro- 
ducing work  from  heat,  but  they  are  not  al- 
ways economical  if  higher  priced  fuels  are 
used. 

|Transmittmg  Pow^r  in  an  Engine.  Chang- 
ing straight-line  motion  to  rotary  motion  is 
essential  if  the  power  of  the  steam  in  a cylin- 
der is  to  be  converted  into  useful  work.  This 
is  true  of  the  steam  engine  and  also  of  the 
internal-combustion  engine  described  in  the 
next  chapter.  The  action  can  best  be  com- 
pared with  that  of  the  knee  and  foot  when  rid- 


ing a bicycle,  as  illustrated  in  Fig.  31-6.  The 
knee  moves  up  and  down,  and  the  mechanism 
of  the  foot  and  pedal  converts  this  up-and- 
down  motion  into  circular  motion.  Only  cir- 
cular motion  is  put  into  the  bicycle  pedals, 
which  are  connected  to  the  rear  wheel  by  a 
chain. 

Similarly,  the  back-and-forth  motion  of  the 
piston  in  an  engine  is  converted  into  the  rotary 
motion  of  the  flywheel  of  a stationary  engine, 
or  of  the  wheels  of  a locomotive,  by  means  of 
a piston  rod,  a connecting  rod,  and  a crank.  In 
addition,  an  eccentnc,  shown  at  E on  the 
main  shaft  in  Fig.  31-5,  moves  the  slide  valve 
to  let  steam  in  and  out  of  the  cylinder  at  just 


Fig.  31—6.  The  up-and-down  motion  of  the  knee  is 
converted  into  circular  motion  by  the  bicycle  crank 
and  pedal. 

the  right  moments.  The  eccentric  is  a disk,  or 
wheel,  mounted  off-center  on  the  main  shaft 
so  that  it  wobbles  as  the  shaft  turns.  The  wob- 
ble moves  the  slide  valve. 

Thus  the  modern  steam  engine  operates 
quite  differently  from  Newcomen’s  model.  In 
the  modern  engine,  the  cylinder  is  maintained 
at  a high  temperature  throughout  the  cycle 
of  operation,  whereas  Newcomen’s  engine  was 
alternately  hot  and  cold.  Why  does  this  im- 
prove the  efficiency  of  the  engines? 

Steam  Turbines.  Another  engine  for  convert- 
ing heat  into  work  is  the  steam  turbine. 
About  two  thousand  years  ago  Hero^of  Alex- 
andria made  the  first  steam  turbine  with  the 
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device  shown  in  Fig.  31-8.  Water  in  the  kettle 
was  turned  to  steam  which  blew  out  of  the 
arms  and  made  the  ball  spin.  It  worked  very 
much  like  the  lawn  sprinklers  that  rotate  and 
throw  a spray  of  water  over  the  grass. 

The  old-fashioned  water  wheel  is  more  like 
the  modern  turbine,  and  indeed  a small  model 
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well  balanced,  the  wheel  can  be  made  to  rotate  at 
an  amazingly  high  speed. 

In  a simple  turbine  high-pressure  steam  ex- 
pands rapidly  through  a nozzle  and  pushes 
against  cups  on  the  edge  of  the  wheel,  thereby 
rotating  it.  A great  deal  of  the  steam,  how- 
ever, blows  past  the  wheel  and  does  no  work, 


Courtesy  General  Electric  Co. 


Fig.  31—7.  Two  steam  turbines  supplying  6000  h.p.  for  the  Santa  Rosa.  The  high  speed  of 
the  turbines  is  lowered  by  the  large  reducing  gears  in  the  foreground. 


water  wheel  can  be  adapted  to  make  a minia- 
ture turbine. 

Demonstration  31-1.  A Miniature  Turbine. 

A miniature  turbine  can  be  made  from  a small 
water  wheel  and  an  old-fashioned  pressure 
cooker.  Heat  about  a pint  of  water  in  the  cooker 
until  there  is  a pressure  of  about  1 5 pounds  per 
square  inch  of  steam  inside.  Be  sure  that  the 
lid  of  the  cooker  is  firmly  in  place,  and  clamp 
the  parts  as  shown  to  reduce  the  danger  of 
accidents  and  steam  burns.  Direct  the  steam 
through  a small  nozzle  against  the  blade  of  the 
wheel,  as  shown  in  Fig.  31-9,  and  be  careful  to 
let  the  wheel  come  up  to  speed  slowly.  If  it  is 


and  even  the  useful  steam  bounces  to  one  side 
of  the  cup  without  having  spent  all  of  its 
energy.  A commercial  turbine,  like  the  section 
of  the  one  shown  in  Fig.  31-10,  is  designed  to 
catch  the  steam  after  it  has  pushed  against  one 
wheel  and  to  make  it  push  against  the  other 
wheels  mounted  on  the  same  shaft.  A series  of 
fixed  vanes  set  between  these  wheels  and  fixed 
to  the  outer  ease,  defleets  the  steam  so  that  it 
pushes  against  the  second  wheel  in  the  same 
direction  as  it  pushed  against  the  first.  A large 
turbine  may  have  twenty  or  thirty  moving 
wheels  with  fixed  vanes  between  them. 
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Fig.  31—8.  Hero's  steam  engine,  designed  about 
two  thousand  years  ago. 

Since  the  steam  expands  each  time  it  pushes 
on  the  wheels,  more  and  more  space  must  be 
provided  for  it  as  it  moves  through  the  tur- 
bine. For  this  reason,  turbines  are  small  _at,  the 
high-pressure  end  where  the„s.team  enteis,  and 
very  large  at  the  low-pressure  end  where  it 
escapes.  If  all  parts  are  properly  designed,  the 
steam  will  have  spent  its  power  by  the  time  it 
escapes  past  the  last  wheel.  A condenser  is 
always  connected  to  the  exhaust  to  allow  the 
steam  to  expand  below  atmospheric  pressure. 


Fig.  31—9.  High-pressure  steam  from  a pressure 
cooker  makes  a miniature  turbine  spin  at  high  speed. 


This  not  only  increases  the  efficiency  but  also 
conserves  water. 

The  turbines  of  a large  ship  like  the  Queen 
Mary  use  thousands  of  gallons  of  water  every 
day.  This  water  must  be  collected  and  used 
again  after  passing  through  the  turbines;  other- 
wise the  ships  could  carry  only  enough  water 
for  a few  days’  Journey.  The  exhaust  steam 
from  the  turbines  is  therefore  condensed  to 
water  which  can  be  pumped  back  to  the  boilers. 

One  type  of  condenser  looks  somewhat  like 
a fire-tube  boiler  except  that  cold  water  instead 
of  fire  runs  through  the  tubes.  Sea  water  is 
used  for  this  purpose.  Thus,  although  sea 


Courtesy  General  Electric  Co. 

Fig.  31—10,  The  rotating  member  of  a large  modern  turbine. 
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water,  because  of  its  many  impurities  in  solu- 
tion, cannot  be  used  in  the  boilers,  it  provides 
an  unlimited  amount  of  condenser  water.  ^ 
condenser  more  than 


ing  fresh  water  and  by  increasing  the  eficiency 
of  the  engine. 

Comparison  of  a Turbine  and  a Reciprocat- 
ing Engine.  Since  the  year  1900  turbines  have 
almost  completely  displaced  reciprocating 
steam  engines  in  large  power  plants.  They 
have  less  vibration.*^ re 
tenth  as  much  s^ 
as  much  as  a reciprocating  engine  of  the  same 
output.  Because  of  their  high  constant  speed 
they  are^especially  well  adapated  to  driving 
electric  generators.  They  are  frequently  used 
on  ships  because  they  are'^more  efficient  than 
ordinary  steam  engines,  and  they  also^help  to 
stabilize  the  ship  and  reduce  rolling.  They 
have  the  disadvantages  of  not  running  effi- 
ciently at  low  speeds  and  of  not  being  reversi- 


ble. For  these  reasons  large  gears  are  used  to 
reduce  the  speed  to  a proper  value  for  a pro- 
peller and  to  reverse  the  engine. 

The  development  of  the  various  types  of 
steam  engines  to  their  present-day  effieiency 
entailed  many  diffieulties  over  a long  period 
of  time.  The  steam  engine  really  has  a big  job 
to  do.  It  eonverts  the  stored-up  energy  of  coal 
into  energy  of  motion.  This  requires  three 
separate  steps:  (1)  the  ehemical  process  of 
combustion,  in  which  the  energy  of  a fuel  is 
converted  into  heat;  ( 2 ) the  conversion  of 
heatjnto  the  motion  of  a piston  or  of  a tur- 
bine  wheel;  and  ( 3 ) , most  difficult  of  all,  the 
transfer  of  the  motion  of  sueh  engines  into 
motion  useful  to  man.  The  last  step  is  illus- 
trated by  the  motion  of  a locomotive  or  the 
motion  of  the  parts  of  a complicated  machine, 
as  in  a water  pump  for  mines.  We  shall  see 
in  the  next  chapter  that  the  same  three  steps 
are  essential  in  the  development  of  the  inter- 
nal-combustion engine. 


THINGS  TO 

Engines  convert  the  energy  of  fuel  into  me- 
chanical work. 

The  more  work  an  engine  has  to  do,  the  more 
steam  is  required  and  the  more  fuel  must  be 
burned. 

The  work  done  by  a steam  engine  comes  di- 
rectly from  the  expanding  and  cooling  of  steam. 

Three  steps  are  necessary  in  converting  a fuel 
into  useful  work:  (1)  the  chemical  process  of 
combustion;  ( 2 ) the  conversion  of  heat  into  the 


1.  Name  two  sources  of  power  used  by  man 
before  the  invention  of  the  steam  engine. 

2.  What  are  the  two  essential  parts  of  a steam 
plant? 

3.  Is  steam  allowed  to  enter  a steam  cylinder 
during  the  whole  stroke  of  the  piston?  Ex- 
plain. 

4.  What  is  the  function  of  the  slide  valve  of 
a steam  engine? 

5.  Why  is  a flywheel  necessary  on  a single- 
acting  steam  engine? 


REMEMBER  

motion  of  a piston  or  of  a turbine  wheel,  and 
( 3 ) the  transfer  of  this  motion  into  motion  use- 
ful to  man. 

The  reciprocating  steam  engine  has  a piston 
that  moves  back  and  forth  in  a cylinder. 

The  steam  turbine  has  a wheel  that  rotates  at 
high  speed. 

In  both  types  of  engine  a condenser  conserves 
water  and  increases  the  efficiency  of  utilization 
of  the  fuel. 

IONS 

6.  How  does  the  motion  of  a steam-turbine 
wheel  differ  from  the  motion  of  a steam- 
engine  piston? 

7.  What  is  the  advantage  of  a steam  turbine 
over  a reciprocating  engine?  [ 

8.  Would  a flywheel  be  needed  on  a steam 
turbine?  Explain. 

9.  Why  is  sea  water  used  in  condensers  on 
ships  but  not  in  the  boilers? 

B 

1 0.  Name  two  ways  in  which  a condenser  makes 
a steam  turbine  more  efficient. 
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1 1 . What  are  the  three  essential  steps  in  con- 
verting the  energy  of  coal  into  the  energy  of 
motion? 

12.  Draw  a simple  diagram  of  a water-tube 
boiler  and  tell  how  it  operates. 

13.  Describe  the  cycle  of  operation  of  a double- 
acting steam  engine. 

14.  Explain  how  a steam  turbine  operates. 


15.  Steam  from  the  boilers  enters  the  cylinders 
of  a locomotive  at  a temperature  of  about 
200°  C.  and  leaves  at  about  100°  C.  Is  a 
drop  in  the  temperature  of  the  steam  nec- 
essary? Explain. 

16.  {a)  Describe,  with  a diagram,  the  New- 

comen engine. 

{h)  What  was  its  main  fault? 


PROJECT 


Visiting  a Power  Plant.  Arrange  to  visit  a nearby 
factory  or  electric  generating  plant  that  uses 
steam  power.  Examine  the  equipment  with  the 
engineer  in  charge.  You  should  be  able  to  tell 
whether  a steam  engine  or  a steam  turbine  is 
used.  What  kind  of  boiler  is  used?  If  it  is  a 
steam  engine,  can  you  find  the  throttle  valve, 
the  slide  valve,  the  cylinder,  the  condenser,  and 
the  exhaust?  If  it  is  a turbine,  can  you  point  out 


which  is  the  exhaust  end?  How  fast  is  the  tur- 
bine rotating?  What  is  the  nature  of  the  work 
done  by  the  engine?  Write  a report  showing 
how  the  energy  of  the  fuel  is  converted  into 
work. 

Make  a simple  diagram  showing  the  arrange- 
ment of  the  various  parts,  labeling  them  care- 
fully. 


- -\J 
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James  Watt’s  steam  engine  greatly  influ- 
enced world  trade  because  it  facilitated  trans- 
portation. Why  is  the  movement  of  goods 
and  people  from  one  place  to  another  so  im- 
portant? The  answer  is  that  only  by  transpor- 
tation can  the  peoples  of  the  earth  be  assured 
of  an  adequate  distribution  of  food  and  goods 
that  are  not  native  to  their  regions.  The  rich 
deposits  in  the  earth  are  not  distributed  evenly 
among  the  peoples  of  the  world.  Some  coun- 
tries have  rich  coal  deposits;  others  have  oil; 
others,  again,  have  iron  ore;  and  some  coun- 
tries have  none  of  these  natural  resources.  Be- 
cause climate  varies  considerably  in  different 
parts  of  the  earth,  in  some  regions  wheat  is 
grown  in  abundance,  in  others  tropical  fruits, 
in  others  cotton,  and  in  still  others  cattle  or 
sheep.  It  is  not  surprising,  therefore,  that 
engineers  and  scientists  devote  their  attention 
and  energy  to  the  development  of  new  and 
improved  means  of  transporting  products 
throughout  the  world. 

The  next  major  advance  beyond  the  steam 
locomotive  was  the  internal-combustion  en- 
gine. As  the  name  suggests,  in  an  internal- 
combustion  engine  a fuel  is  burned  inside  the 
cylinder  rather  than  outside,  as  it  is  in  a steam 
engine.  Also,  in  the  internal-combustion  en- 
gine sparks  occur  in  rapid  succession  at  suit- 
able intervals  to  ignite  the  fuel-air  mixture  in 
the  cylinder.  A method  of  providing  these 
sparks  was  not  developed  until  the  latter  part 
of  the  19th  century. 

The  internal-combustion  engine  is  now  used 


to  drive  automobiles  and  trucks,  to  propel 
small  boats,  and  to  fly  airplanes.  But  it  is  also 
used  for  other  purposes.  Isolated  communities 
and  farms,  for  example,  use  these  engines  to 
provide  light  and  power  to  do  mechanical 
work. 


Fig.  32—1.  When  the  switch  is  closed  and  then 
quickly  opened,  a spark  will  ignite  the  gasoline  vapor 
in  the  can  and  blow  off  the  lid. 

The  two  most  common  types  of  internal- 
combustion  engine  are  the  gasoline  engine  and 
the  Diesel,  or  oil,  engine. 

The  Four-Stroke  Gasoline  Engine.  The 

most  eommon  internal-eombustion  engine 
burns  a mixture  of  gasoline  and  air  ignited  by 
an  eleetrie  spark.  The  following  simple  experi- 
ment ^howTthat  an  explosive  force  is  devel- 
oped in  this  operation. 

Demonstration  32-1.  Burning  an  Air-Fuel  Mixture. 

Obtain  a strong  metal  can  with  a friction  lid.' 
Into  the  side  of  it  insert  an  automobile  spark 
plug,  as  shown  in  Fig.  32-1.  An  automobile  ig- 
nition coil  will  serve  to  produce  a spark  when 
connected  to  a 6-volt  battery  as  shown.  With  an 
atomizer  fill  the  can  with  vaporized  gasoline. 
Caution:  Gasoline  vapor  can  be  dangerous  if  not 
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handled  properly.  Do  not  squeeze  the  atomizer 
near  an  open  flame.  Put  the  lid  on  the  can,  and 
ignite  the  mixture  with  a spark.  It  will  explode 
and  blow  the  lid  off  the  can. 

Jn  the  atomizer  the  liquid  gasoline  is  broken 
into  a spray  of  droplets  and  mixed  well  with 
the  air.  If  this  mixture  is  of  proper  propor- 
tions, it  will  ignite  and  burn  rapidly  when  a 
spark  is  fired  in  it.  The  gases  formed  during 


Corbure+or 


Fig.  32—2.  The  essential  parts  of  a gasoline  engine: 
carburetor,  valves,  cylinder,  piston,  spark  plug,  and 
cooling  system. 


the  burning  expand  rapidly  and  produee^the, 
ej^losiye  Jqrce. 

The  same  action  occurs  in  the  cylinder  of 
an  automobile  engine.  A single  explosion  will 
not,  of  course,  drive  a car  very  far  or  very 
fast.  Many  explosions  per  minute  are  needed 
to  do  this,  and  various  drive  shafts  and  gears 
must  be  used  to  transfer  the  force  of  the  ex- 
plosion to  the  wheels  of  the  car.  Automobile 
engineers  have  devised  a simple,  reliable  mech- 
anism for  accomplishing  all  this  easily  and 
efficientlv. 


The  Parts  of  the  Engine.  The  fundamental 
parts  of  a gasoline  engine  are  shown  in  Fig. 
32-2.  They  are  the  carJburetor,  valv^  cylin- 
der, piston,  sparkplug,  and  cooling  system:  all 
are  necessary  for  the  proper  operation  of  the 
engine.  The  carburetor  mixes  the  liquid  gaso- 
line with  air  to  form  an  explosive  mixture. 
One  valve  controls  the  flow  of  this  vapor  to 
the  cylinder.  The  spark  plug  ignites  the 
vapor,  which  burns  vigorously  and  pushes  the 
piston  down.  Another  valve  lets  out  the  ex- 
haust gases.  The  water  in  the  cooling  system 
prevents  the  engine  from  getting  too  hot  to 
function  properly. 

TI;^e_Qp.©ratipn  of  fhe  Engine.  The  cycle  of 
an  engine  can  easily  be  followed  in  Fig.  32-3. 
First  the  piston  moves  down  the  cylinder,  at 
the  same  time  sucking  the  fuel  mixture 
through  the  open  intake, When  the 
piston  reaches  the  bottom  of  its  stroke,  the 
intake  valve  closes  and  the  piston  rises  up 
the  cylinder,  thereby  compressing  the  mixture. 
When  the  piston  reaches  the  top  of  its  stroke, 
a spark  occurs  at  the  spark  plug  which  ignites 
the  fuel,  and  the  expanding  gases  drive  the 
piston  down  in  a so-called  power  stwke. 
Finally,  the  exhaust  valve  opens,  and  the 
piston  rises  to  push  the  burned  gases  through 
it.  The  cycle  is  then  repeated.  The  whole 
operation  consists  of  four  strokes  of  the  pis- 
ton. Three  of  these  strokes  are  used  to  pre- 
pare the  system  for  the  single  power  stroke. 
For  this  reason  it  is  called  a four-stroke-cycle 
or,  more  simply,  2.^om^ycle  en^in^ 

Most  automobile  engines  consist  of  four, 
six,  eight,  twelve,  or  even  sixteen  cylinders 
like  the  one  described'  above.  Sometimes  the 
cylinders  are  arranged  in  line,  but  for  com- 
pactness they  may  be  arranged  in  a V-shape, 
in  a circle,  or  in  other  ways,  as  in  Fig.  32-4. 
Each  cylinder  goes  through  the  cycle  of  in- 
take, compression,  power,  and  exhaust;  how- 
ever, no  two  cylinders  perform  the  same  ac- 
tion  at  exactly  the  same  time.  In  a four-cylin- 
der engine,  for  instance,  one  cylinder  takes  in 
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fuel,  while  another  compresses  fuel,  another 
explodes  fuel  in  its  power  stroke,  and  the 
fourth  exhausts  burned  gases.  This  out-of- 
step  arrangement  allows  for  an  explosion  at 
every  stroke  and  results  in  a smoother  flow 
of  power  from  the  engine.  When  an  engine 
is  to  be  started,  it  must  be  turned  over  sev- 
eral times  to  get  fuel  into  the  cylinders.  This 
was  done  by  hand  until  C.  F.  Ketteru^  de- 
vised the  electric  starter,  an  ~eTectnc^Thotor 
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engine  spinning  smoothly  between  power 
strokes. 

A clutch  on  the  back  of  the  flywheel  dis- 
connects the  engine  from  the  wheels  of  the 
car  when  the  driver  pushes  down  on  the  clutch 
pedal.  In  other  words,  tl^  clutch  allows  the 
engine  to  continue  running  while  the  auto- 
niobile  remains  stati^ary  or  coasts.  There 
^e  also  various  types  of  automatic  transmis- 
sions that  may  replace  the  clutch.  The  gears 


Infake  Compression  " Power  Exhausf 

Based  on  a diagram  from  General  Motors  Corp, 

Fig.  32—3.  The  four  strokes  of  a four-stroke-cycle  engine  ore  intake,  compression,  power, 

and  exhaust. 

driven  by  a storage  battery,  which  is  used 
today. 

The  Power  System  of  an  Automobile.  Qnce 
the  engine  has  been  started,  the  motion  of  the 
pistons  is  transferred  to  the  wheels  of  the 
automobile  through  a series  of  rods,  shafts, 
and  gears.  A connectin^jod  connects  the  pis- 
ton with  the  crank  on  a crankshalt,  thereby 
changing  the  up-and-down  motion  of  the  pis- 
ton into  the  rotary  motion  of  the  crankshaft. 

The  flywheel  on  the  crankshaft  keeps  the 


in  the  transmission  change  the  speed  at  which 
the  engine  drives  the  car.  In  low  gear,  for 
instance,  a small  gear  on  the  motor  drives  a 
larger  gear  connected  to  theTeaT wheels.  The 
large  gear  moves  more  slowly  than  the  small 
one  because  there  are  more  teeth  around  the 
circumference  of  the  large  gear.  This  enables 
the  engine  to  develop  more  force  for  starting 
the  car  and  pulling  heavy  loads.  A drive 
shaft  carries  the  power  to  the  rear  wheels, 
which  make  the  car  move,  .o.y  io-^c  a 

^ U-t  yUcG 

The  power  needed  to  drive  i car  varieS/ 
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in-line  inverted 

jype  in-line 

TYPE 


Fig.  32—4.  The  cylinders  of  engines  may  be  arranged  in  various  ways.  The  way  in  which  they 
are  arranged  depends  on  the  space  available,  cooling  requirements,  streamlining,  or  other 

factors. 


with  the  speed  of  the  car  and  the  slope  of 
the  road.  A throttle  or  accelerator  pedal  gov- 
erns the  rate  at  which  fuel  is  fed  to  the  motor, 
thus  regulating  the  power  under  varying  con- 
ditions. 

Control  of  Gasoline  and  Air.  Oddly  enough, 
a gasoline  engine  consumes  much  more  air 
than  gasoline.  For  every  gallon  of  gasoline 


used,  the  engine  requires  1200  cubic  feet, 
or  8300  gallons,  of  air,  enough  to  fill  a room 
12  feet  long,  10  feet  wide,  and  10  feet  deep. 
The  carburetor,  shown  in  detail  in  Fig.  32-7, 
mixes  the  fuel  and  air  in  a fine  spray  that 
burns  rapidly  when  ignited.  A simple  carbu- 
retor contains  a float  that  moves  a needle 
valve  to  govern  the  level  of  the  gasoline  in 
the  nozzle  or  jet.  Air  rushing  past  the  jet 
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Fig.  32—5.  The  up-and-down  motion  of  the  piston 
is  changed  to  circular  motion  of  the  crankshaft. 

carries  some  gasoline  with  it,  the  total  flow 
being  governed  by  the  throttle  valve.  A 
can  be  closed  to  reducible  amount  orTir 
that  mixes  with  the  gasoline  and  provide  a 


Fig.  32—6.  Power  is  transferred  from  the  engine  to 
the  rear  wheels  by  a series  of  devices  which  make 
for  easy  control  of  this  tractor, 
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richer  mixture  for  starting  on  a eold  morn- 
ing. Most  cars  now  have  an  automatie  choke. 

Exploding  »he  Mixture.  After  the  fuel  en- 
ters the  eylinder,  it  is  eompressed  to  about 
one-seventh,  of  its  original  volume.  Three  or 
four  t>iston  rims,  shown  in  Fig.  32-5,  are 
used  to  prevent  the  escape  of  the  highly  com- 
pressed  gases  froin  The  c.yhnder.  if  an  engine 
has  poor  compression  because  of  worn  piston 
rings  or  cylinder  walk,  some  of  the  fuel  mix- 
ture will  leak  past  the  piston  rings  and  be 


Fig.  32—7.  The  carburetor  mixes  air  and  gasoline 
for  the  engine.  This  is  a down-draft  carburetor  with 
the  throttle  partly  closed. 


lost.  This  results  in  low  mileage  and  poor 
operation  of  the  engine. 

When  the  gas  has  been  compressed,  a spark 
is  made  to  jump  across  the  spark  plug,  forming 
a small  high-temperature  region  in  which  the 
gases  ignite  and  burn.  The  temperature  of 
the  exploding  mixture  may  reach  4500°  F., 
which  is  higher  than  the  melting  point  of 
steel.  For  this  reason,  water  is  circulated  in 
a water  jacket  around  the  cylinder  and  valves 
to'keep  them  cool.  The  warm  water  rises  to 
the  top  of  the  engine  and  flows  into  the  radi- 
ator at  the  front.  Air,  driven  through  the 
radiator  by  the  motion  of  the  car  and  by  the 
fan,  cools  the  water,  which  then  re-enters  the 
engine  at  the  bottom.  The  natural  convec- 


293 


INTERNAL-COMBUSTION  ENGINES 


tion  of  the  water  in  this  circulating  system 
is  usually  aided  by  a small  water  pump. 

Lubrication.  Lubrication  of  the  moving  parts 
of  the  engine  is  essential.  Otherwise  heat  due 
to  friction  will  develop  in  the  bearings  and 
in  the  cylinders,  where  the  tightly  fitting  pis- 
tons  rub  back  and  forth.  The  {crankca^, 
which  covers  the  bottom  of  the  engine,  con- 
tains oil  for  the  lubrication  of  the  engine. 
Oil  from  the  crankcase  is  forced  through  vents 
and  pipes  to  all  possible  friction  points  in  the 
motor.  Some  of  the  piston  rings,  for  instance, 
spread  oil  over  the  surface  of  the  cylinder 
wall  and  thereby  reduce  the  wearing  of  the 
cylinders. 

In  an  engine  of  several  cylinders,  some 
parts  may  serve  all  cylinders.  For  instance, 
only  one  carburetor  is  needed,  the  mixture 
being  fed  to  all  the  cylinders  through  an  pi- 
take  maniiold.  (A  manifold  is  a pipe  with 
many  inlets  or  outlets,  one  for  each  cylinder.) 
Similarly,  only  one  exhaust  is  needed,  the  ex- 
haust from  each  cylinder  being  fed  through 
an  exhaust  manifpld  to  the  main  exhaust  pipe. 
The  operation  of  the  intake  and  exhaust  valves 
of  each  cylinder  is  provided  for  by  a single 
camshaft,  or  rod  which  runs  through  the 
whole  engine.  On  the  rod  are  c^zms— off-center 
devices— which,  as  they  rotate,  raise  and  lower 
the  valves  at  the  proper  time.  A single  igni- 
tion system  supplies  the  spark  for  all  cylinders, 
a distributor  or  rotating  arm  making  the  con- 
nection, to. the.  proper.  cylinder  at  the  right 
time. 

Gasoline  engines  have  one  serious  disad- 
vantage.  The  fuel  which  they  use  is  highly 
inflammable  and  is  therefore  a source  of  dan- 
ger. Gasoline  vapor  may  be  ignited  by  care- 
less smokers,  by  sparks,  or  in  a collision. 
Such  fires  spread  quickly  and  are  difficult 
to  extinguish.  As  a precaution  a suitable  fire 
extinguisher  should  always  be  kept  near  a 
gasoline  engine. 

The  Airplane  Engine.  Although  the  gasoline 
engine  was  designed  for  automobiles,  it  was 


readily  adapted  for  use  in  airplanes.  Some 
changes  were  necessary,  however.  The  engine 
had  to  be  built  as  light  as  possible  with  no 
sacrifice  in  power.  Some  engines  were  made 
in  radial  form,  as  in  Fig.  32-9,  as  they  could 
be  easily  air-cooled.  The  engine  was  fitted 
with  superchargers  to  enable  it  to  operate 
efficiently  at  high  altitudes  where  the  air  is 
thin,  Ghemists  developed  more  powerful 


Fig.  32—8.  The  cams,  which  are  driven  by  the  engine 
through  timing  gears,  open  and  close  the  valves  at 
the  correct  moment. 

fuels  for  use  in  the  airplane  engine,  and 
engineers  solved  the  problem  of  keeping  it 
operating  in  temperatures  far  below  O'*  G. 
But  with  all  these  refinements,  the  engine  had 
to  use  gasoline  for  fuel. 

The  Diesel  Engine.  The  internal-combustion 
engine  depends  on  gasoline  for  its  fuel.  But 
gasoline  is  expensive,  and  the  supply  is 
limited.  An  internal-combustion  engine  that 
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burns  oil  not  usable  by  a gasoline  engine  was 
developed  by  a German  engineer,  Rudolf 
Diesel.  The  Diesel  resembles  the  gas- 

oline  engine,  but  it  has  no  carburetor;  only 
pure  air  is  drawn  into  the  cylinder.  The  pis- 
toiTthen  compresses  This  airTd  one-eighteenth 
of  its  original  volume.  This  high  compression 
raises  the  temperature  of  the  air  to  about 
1000°  F.  When  the  piston  is  near  the  top  of 
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velops,  whereas  a comparable  gasoline  engine 
weighs  only  10  or  15  pounds  per  horsepower. 
The  Diesel  has  therefore  not  displaced_±he 
gasoline  engine  because  of  its  weight.  In  avi- 
ation Diesels  the  weight  has  been  reduced  to 
about  5 pounds  per  horsepower,  but  the  avi- 
ation gasoline  engine  weighs  less  than  a pound 
per  horsepower.  In  the  air  this  difference  in 
weight  is  of  major  importance,  because  the 


Courtesy  United  Aircraft  Co. 

Fig.  32—9.  A 1,200-horsepower  air-cooled  airplane  engine. 


its  stroke,  a fine  spray  of  oil  is  injected  into 
the  cylinder  by  a pump.  The  oil  burns  in- 
stantly in  the  hot  compressed  air,  and  the  hot 
gases  force  the  piston  down  the  cylinder  as 
in  the  power  stroke  of  the  gasoline  engine. 

The  pressures  developed  in  the  cylinder  by 
the  explosions  are  as  high  as  1,000  pounds 
per  square  inch,  and  the  walls  of  the  cylinder 
must  be  strong  and  heavy  enough  to  withstand 
this  high  pressure.  Thus  a big  Diesel  may 
weigh  250  pounds  for  each  horsepower  it  de- 


heavier  the  engine  the  less  the  payload  the 
plane  can  carry.  However,  active  research  in 
the  new  lighter  alloys  for  airplane  construction 
and  in  improved  design  may  make  the  Diesel 
an  important  competitor  of  the  gasoline  en- 
gine in  aviation.  In  spite  of  their  disadvan- 
tageous weight,  Diesels  are  becoming  increas- 
ingly popular  in  ships,  trains,  trucks,  tractors, 
and  small  electric  generator  plants. 

The  Two-Cycle  DieseJ.  Another  form  of 
Diesel  engine  (see  Fig.  32-11)  supplies  the 
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Courtesy  The  New  tiuven  tiuUruud 


Fig.  32—10.  This  Diesel-powered  locomotive  hauls  freight  rapidly  and  economically.  The  Diesel 
engine  in  the  locomotive  drives  an  electric  generator,  which  in  turn  runs  electric  motors  built 

on  the  axles  of  the  train. 


Courtesy  Boston  and  Maine  Railroad 


Fig.  32—11.  A two-cycle  Diesel  engine  capable  of 
delivering  1,350  h.p.  Two  of  these  engines  are  used 
in  each  section  of  a Diesel  locomotive. 


power  in  streamlined  Diesel-eleetrie  locomo- 
tives. In  this  type  two  of  the  four  strokes  of 
the  standard  engine  are  eliminated.  The  ex- 
plosion occurs  as  usual  when  oil  is  injected 
into  compressed  air.  But  when  the  piston 
reaches  the  bottom  of  its  stroke,  compressed 
air  is  blown  by  an  auxiliary  pump  through 
holes  in  the  cylinder  wall.  This  drives  the 
burned  gases  out  through  the  exhaust  valve 
and  fills  the  cylinder  with  clean  air  which  is 
then  compressed  by  the  rising  piston.  At  the 
top  of  the  compression  stroke  oil  is  injected, 
and  the  action  repeats  itself.  Thus  power  Js 
delivered  on  every!  pm^-strokebf  the  engine. 
It  is  therefore  called  a two-stroke-cycle  en- 
gine. 

Small  model  airplane  motors  and  outboard 
motors  for  boats  are  usually  two-cycle  motors. 
The  two-cycle  Diesel  is  less  efficient  than  the 
four-cycle  one  because  it  uses  moreiuelior 
the  power  produced,  but  it  delivers  more 
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horsepower  per  pound  of  weight.  It  is  prob- 
able, therefore,  that  most  of  the  experimental 

THINGS  TO 

Internal-combustion  engines  burn  fuel  inside 
the  engine  rather  than  outside.  There  are  two 
common  types : the  gasoline  engine  and  the  Die- 
sel engine. 

All  internal-combustion  engines  require  fuel, 
air,  and  a method,  of_ igniting  the  fuel. 
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Diesels  for  use  in  airplanes  will  be  of  the  two- 
cycle  type. 

REMEMBER  

In  a gasoline  engine,  an  electric  spark  ignites 
the  fuel  mixture. 

In  a Diesel  engine,  hot  compressed  air  ignites 
the  fuel. 

Most  internal-combustion  engines  operate  on 
a four-stroke  cycle:  intake,  compression,  explo- 
sion, and  exhaustion.*"  ,j. 


QUESTIONS 


2. 


^3. 

A. 


y\.  What  three  things  do  internal-combustion 
engines  need  for  their  operation? 

Name  the  six  fundamental  parts  of  a gaso- 
line engine. 

What  two  types  of  internal-combustion 
engine  are  in  common  use  today? 

Name  the  four  strokes  of  a four-cycle  en- 
/ gine. 

i/  5.  What  is  the  purpose  of  a carburetor? 

^6.  What  keeps  an  automobile  engine  from 
overheating? 

7.  What  is  a Diesel  engine? 

8.  What  is  the  purpose  of  the  injector  pump 
of  a Diesel? 


9.  What  is  a two-cycle  engine? 

10.  State  one  advantage  and  one  disadvantage 
of  a two-cycle  engine. 

1 1 . What  is  the  chief  difference  between  inter- 
nal-combustion engines  and  steam  engines? 

12.  What  special  construction  in  an  automo- 


bile radiator  helps  to  cool  the  water  that 
passes  through  it? 

13.  When  must  the  firing  of  the  spark  occur  in 
relation  to  the  movement  of  the  piston  of  a 
gasoline  motor? 

14.  Name  two  ways  in  which  a Diesel  engine 
differs  from  a gasoline  engine. 

B 

15.  Describe  the  sequence  of  operations  of  a 
four-cycle  gasoline  engine. 

16.  How  does  the  up-and-down  motion  of  a 
piston  become  rotary  motion? 

17.  Why  is  the  compression  ratio  of  a Diesel 
very  high? 

1 8.  Why  must  a Diesel  be  more  ruggedly  built 
than  a gasoline  engine? 

19.  How  does  the  two-cycle  Diesel  eliminate 
two  of  the  normal  strokes  of  an  engine? 

20.  Why  are  Diesels  less  suitable  than  gasoline 
engines  in  airplanes?  Explain. 


PROJECTS 


1.  To  Analyze  an  Automobile  Engine.  Obtain 
an  old  automobile  engine  from  a local  garage 
or  junkyard.  Remove  it  to  a convenient  place, 
such  as  the  basement  of  the  school.  Clean  it 
carefully  with  kerosene  and  then  take  it  apart. 
List  the  parts  as  you  remove  them,  making 
simple  sketches  to  show  their  position  in  the 
engine. 

Finally  cut  away  parts  of  the  engine,  such 
as  one  cylinder  wall,  the  sides  of  the  trans- 


mission, and  the  cover  of  the  drive  shaft. 
Mount  the  whole  engine  on  a heavy  wooden 
base  as  a permanent  working  exhibit  for  the 
school. 

2.  Examining  an  Airplane  Engine.  Show  that  a 
small  model  airplane  engine  works  as  a two- 
cycle  engine.  Draw  a diagram  of  a cross-sec- 
tion of  the  cylinder  to  show  where  the  fuel 
and  air  enter  and  leave  the  engine. 


THE  AIRPLANE 


Chapter 


Aviation  was  born  about  fifty  years  ago 
when  two  young  brothers,  Wilbur  and  Orville 
Wright,  launched  themselves  in  a glider  from 
the  steep  sides  of  sand  dunes  at  Kitty  Hawk 
on  the  coast  of  North  Carolina.  Their  pre- 
liminary experiments  in  flying  occupied  twelve 
years.  During  this  time  they  built  an  engine 
and  a propeller  for  a plane  which  they  had 
designed  and  constructed  themselves. 

In  1903  they  were  ready  for  their  first  at- 
tempt to  fly  with  power.  The  brothers  flipped 
a coin  to  decide  who  should  be  the  first  to  try 


the  new  flying  machine.  Wilbur  won.  He 
lay  flat  on  the  lower  wing  of  the  biplane  and 
started  the  engine.  After  a short  run  the 
machine  rose,  but  it  remained  in  the  air  only 
three  seconds. 

A few  days  later,  on  December  17,  1903, 
the  test  was  repeated  with  Orville  on  the  wing. 
This  time  the  plane  rose  about  10  feet,  cover- 
ing 120  feet  in  12  seconds  before  it  dived  to 
earth.  Then  it  was  Wilbur’s  turn.  When  the 
plane  was  released  Orville  ran  alongside  hold- 
ing one  wing  of  the  plane  to  steady  the  craft 


Courtesy  Air  Mti 

Fig.  33—1 . Samuel  P.  Langley's  airplane,  Aerdrome  A,  on  a houseboat  in  the  Potomac.  The 
plane  successfully  flew  for  about  a half  mile  in  1896,  but  it  did  not  carry  anyone  aloft. 
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until  it  left  the  ground.  This  time  Wilbur 
flew  for  59  seconds,  covering  a distance  of  852 
feet. 

The  brothers  were  flying  into  a 27-mile-an- 
hour  wind,  and  it  is  estimated  that  these  first 
flights  were  made  at  about  33  miles  an  hour. 
Although  it  is  difficult  to  separate  the  achieve- 
ments of  the  brothers,  Orville  is  usually  given 
the  distinction  of  making  the  first  sustained 
flight  in  a heavier-than-air  machine. 

Wilbur  died  in  1912,  but  Orville  lived  to 
see  their  flimsy  contrivance  develop  into  giant 
airliners.  In  fifty  years,  the  airplane  has  revo- 
lutionized world  transportation. 


Fig.  33—2.  A stream  of  air  will  lift  the  end  of  a 
strip  of  paper  because  of  the  Bernoulli  effect. 

What  Makes  an  Airplane  Fly?  Balloons  and 
dirigibles  rise  and  are  supported  in  the  air 
because  of  the  buoyant  force  exerted  by  the 
air  they  displace,  as  described  in  Chapter  7. 
Heavier-than-air  machines,  such  as  airplanes 
and  helicopters,  depend  on  a different  force 
to  support  them.  This  force  is  produced  by 
the  rush  of  air  over  the  wings  of  the  plane. 
Similar  forces  can  be  demonstrated  with  a 
piece  of  paper. 

Demonstration  33-1.  Lifting  Effect  of  an  Airstream. 

Cut  a piece  of  paper  about  2 inches  wide  and 
10  inches  long.  Hold  it  vertically  in  front  of 
your  face.  Drop  the  top  edge  away  from  you  so 
that  the  paper  folds  over  your  hand.  Then  blow 
smoothly  across  the  top  surface  of  the  paper  as 
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shown  in  Fig.  33-2.  The  paper  rises  into  the 
airstream  and  flutters  there  instead  of  being 
blown  down. 

Apparently  a lifting  effect  is  produced  by  the 
airstream  sufficient  to  hold  up  the  piece  of 
paper.  A similar  effect,  on  a larger  scale,  holds 


Fig.  33—3.  Drop  in  pressure  in  a constriction  be- 
cause of  Bernoulli  effect. 

up  an  airplane.  This  is  often  referred  to  as 
the  Bernoulli  lift. 

The  Bernoulli  Effect.  In  Chapter  7 we  saw 
that  as  a liquid  flows  through  a pipe  the  pres- 
sure drops  gradually  because  of  the  internal 
friction.  An  even  more  conspicuous  drop  in 
pressure  occurs  as  a liquid  or  gas  flows  through 
a constriction,  or  narrow  part  of  a tube  or 


A ' C 


Slow  Flow  Low  Pressure  Slow  Flow 

High  Pressure  High  Pressure 


Fig.  33—4.  Wherever  a liquid  or  gas  is  made  to  flow 
faster,  the  pressure  becomes  lower, 

pipe.  This  is  known  as  the  Bernoulli  effect. 
It  can  be  shown  in  the  following  demonstra- 
tion. 

Demonstration  33-2.  Drop  in  Pressure  in  a Constriction. 

Fig.  33-3  shows  a tube  with  inlets  at  A,  B, 
and  C,  and  a constriction  at  B.  The  height  of 
the  water  in  the  inlet  tubes  indicates  the  pres- 
sures at  A,  B,  and  C.  When  water  flows  through 
the  main  tube,  the  level  in  the  tube  at  B is  lower 
than  the  levels  in  the  tubes  at  A and  C. 
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How  can  we  account  for  the  lower  pressure 
at  B?  The  water  flows  to  the  right.  As  it 
flows  through  the  constriction  at  B,  it  passes 
through  a much  smaller  cross-section  area  than 
it  does  at  A.  It  must  therefore  travel  mueh 
faster  at  B.  To  speed  up  the  flow,  the  pressure 


Piston 


Fig.  33—5.  An  insect  sprayer  makes  use  of  the 
Bernoulli  effect  to  produce  a spray  of  fine  droplets. 


behind  it  must  be  greater.  That  is,  the  pres- 
sure at  A is  greater  than  the  pressure  at  B. 
As  the  water  also  flows  more  slowly  at  C than 
at  B,  the  pressure  at  C must  be  greater  in 
order  to  slow  down  the  water. 

Examples  of  the  Bernoulli  Effect.  Aetually, 
if  the  pressure  in  the  constriction  becomes 


Air  Sfreaml  I 


Pinqponq  Ball 


Glass  Tube 


Compressed  Air 


Fig.  33—6.  Atmospheric  pressure  is  greater  than  the 
pressure  in  the  air  stream,  thereby  supporting  the 
ball  beneath 'the  stream. 

lower  than  atmospheric  pressure,  a partial  vae- 
uum  is  produced.  The  insect  sprayer  shown 
in  Fig.  33-5  uses  such  an  effect.  When  the 
air  in  the  tube  is  pushed  out  suddenly  through 
the  constriction  C in  the  end  of  the  tube,  the 
pressure  there  is  so  greatly  redueed  that  the 
atmospheric  pressure  in  the  reservoir  drives 


liquid  up  the  tube  to  the  air  stream.  The  liq- 
uid is  then  broken  into  droplets  and  mixed 
with  the  air  to  form  a fine  spray. 

A strong  wind  blowing  over  the  top  of  a 
chimney  may  produce  the  same  effect,  increas- 
ing the  draft  on  the  fire.  And  Ping-pong  balls 
can  be  made  to  float  in  an  air  stream  from 
a small  nozzle,  as  in  Fig.  33-6.  The  air  in  the 
center  of  the  stream  has  a greater  velocity,  and 
therefore  a lower  pressure,  than  that  on  the 
outside.  As  a result,  atmospherie  pressure 
forces  the  Ping-pong  ball  toward  the  region  of 
low  pressure. 

Demonstration  33-3.  The  Bernoulli  Effect  in  Air. 

Stick  a pin  through  a small  piece  of  cardboard 
and  let  the  pin  project  upward  into  the  hole  of 
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1 f Air  Pressure 
Fig.  33—7.  The  Bernoulli  effect  in  air. 


a wooden  spool,  as  shown  in  Fig.  33-7.  Hold- 
ing the  card  near  the  spool,  blow  through  the 
hole.  While  continuing  to  blow,  remove  your 
hand  from  the  card.  Notice  that  the  card  is  not 
blown  away  from  the  spool  but,  instead,  is  held 
in  place  by  the  pressure  from  below. 

The  high  velocity  of  the  escaping  air  causes 
a reduced  downward  pressure  on  the  card. 
Therefore  the  upward  pressure  on  the  bottom 
of  the  card  is  greater  and  prevents  the  card 
from  falling. 

Forces  on  an  Airplane  Wing.  A similar  ef- 
fect takes  place  as  air  flows  over  the  wing  of 
an  airplane.  The  wings  of  modern  airplanes 
are  made  in  the  shape  shown  in  Fig.  33-8. 
As  air  rushes  past  the  wing,  the  air  that  passes 
over  the  top  has  to  go  farther  than  that  pass- 
ing underneath.  This  results  in  increased  ve- 
locity and  reduced  pressure  on  top  of  the 
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wing.  The  arrows  show  the  direction  and  the 
amount  of  reduction  in  pressure,  the  total 
effect  being  shown  by  the  heavy  arrow  BF. 

The  air  blowing  on  the  underside  of  the 
wing  produces  some  upward  force,  but  most 
of  the  lifting  effect  is  due  to  the  reduced 
pressure  above  the  wing.  The  shape  of  the 


Fig.  33—8.  Forces  on  an  airplane  wing  are  produced 
by  reduction  of  pressure  above  the  wing  and  a small 
application  of  pressure  below  the  wing. 

wing  is  very  important.  In  fact,  a coating 
of  ice  on  a wing  may  change  the  shape  of 
the  wing  enough  to  reduce  the  lifting  force 
to  the  danger  point.  De-icing  equipment, 
like  the  rubber  edge  of  the  wing  (see  Fig. 
33-9),  is  used  to  reduce  this  hazard.  An  air 
pump  inflates  the  edge  of  the  wing  with  a 


Fig.  33—9.  The  leading  edge  of  the  wing  has  a 
rubber  covering  which  can  be  inflated  by  an  air 
pump  to  loosen  ice,  which  then  blows  away. 

* 

pulsing  motion  that  breaks  off  the  ice  as  it 
forms,  thereby  keeping  the  wing  shape  correct. 

A Study  of  Forces.  The  force  BF,  in  Fig. 
33-8,  produced  by  the  air  on  the  wing,  is  what 
holds  the  plane  up;  that  is,  it  provides  the 
lift,  which  equals  the  weight  of  the  plane. 
Notice,  however,  that  the  force  BF  is  tilted 
backward,  whereas  the  lift  and  weight  act 
vertically.  Apparently  the  force  BF  is  doing 
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two  things  at  once.  It  is,  to  some  extent, 
holding  the  plane  up  by  causing  the  lift;  and 
it  is  also,  to  some  extent,  holding  the  plane 
back,  or  producing  what  is  called  drag.  Drag 
is  due  to  the  friction  of  the  air  as  it  goes  by 
the  wing. 


Fig.  33—10.  The  force  BF  on  the  sled  rope  has 
components  BC,  acting  horizontally,  and  BA,  acting 
vertically. 

Components  of  a Force.  If  we  divide  the 
action  of  a single  force  into  two  or  more 
other  forces,  as  we  did  above,  we  say  that  we 
have  produced  components  of  the  original 
force.  On  the  airplane  wing  (Fig.  33-8)  the 
components  of  the  force  BF  are  the  lift  and 


Fig.  33—11.  Resolution  of  forces  into  components 
along  the  ground  and  perpendicular  to  the  ground. 

the  drag.  On  the  sled  shown  in  Fig.  33-10 
the  force  along  the  rope  has  two  components. 
One  component  drags  the  sled  on  the  ground, 
and  the  other  tends  to  lift  it.  In  Fig.  33-11 
the  force  exerted  by  the  man  on  the  lawn- 
mower  handle  has  one  component  which 
pushes  the  lawnmower  along  the  ground  and 
another  component  which  pushes  it  perpen- 
dicular to  the  ground.  You  should  be  able  to 
figure  out  the  usefulness  of  each  of  these 
components. 
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Drag  and  Thrust.  On  the  airplane  wing  the 
drag  is  a force  that  tends  to  slow  the  plane 
down.  If  the  plane  is  to  remain  in  flight,  the 
drag  must  be  matched  by  the  thrust  of  the 
propeller.  Actually,  all  the  surfaces  of  the  air- 
plane contribute  to  the  total  drag  which  the 
thrust  of  the  propeller  must  counteract. 

If  the  motor  is  speeded  up,  the  thrust  be- 
comes, for  a moment,  greater  than  the  drag, 
and  the  speed  of  the  plane  increases.  At  the 
same  time  the  greater  flow  of  wind  past  the 
plane  increases  the  drag,  which  eventually 

I 
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CONTROLLING  THE  PLANE 
Motion  of  a Plane.  The  driver  of  an  auto- 
mobile must  be  capable  of  guiding  his  car 
along  a road,  slowing  it  down  and  speeding  it 
up  at  the  proper  time,  and  stopping  it  when 
necessary.  Most  of  the  drivers  who  do  this 
satisfactorily  probably  have  no  basic  knowl- 
edge of  what  they  are  doing  when  they  con- 
trol their  car.  But  an  airplane  pilot  must 
understand  the  operation  of  his  plane  for  the 
sake  of  his  own  safety  and  that  of  others.  An 
airplane  moves  about  more  freely  than  a car. 


Courtesy  Lockheed  Aircraft  Corp. 


Fig.  33—12.  The  thin,  smooth,  streamlined  shape  of  a Constellation  reduces  the  wind  resist- 
ance or  drag. 


equals  the  higher  thrust.  Then  the  plane  flies 
steadily  at  the  higher  speed.  Slowing  down 
the  motor  produces  the  reverse  effect;  that  is, 
the  thrust  is  less  than  the  drag,  and  the  plane 
slows  down. 

Streamlining.  The  motor  of  a plane  must 
exert  force  enough  to  overcome  the  drag,  and 
any  means  of  reducing  the  drag  and  yet  pro- 
ducing satisfactory  lift  in  the  wing  is  valuable. 
Experiments  show  that  a long,  thin  shape 
produces  the  least  drag,  so  the  body  and  wings 
of  a plane  are  constructed  in  this  manner.  The 
design  is  known  as  streamlining.  Similar 
streamlining  is  used  on  automobiles,  but  this 
is  mostly  for  appearance  because  the  effects 
of  streamlining  are  not  very  great  at  speeds 
of  less  than  fifty  miles  an  hour, 


and  improper  operation  of  its  controls  might 
easily  cause  serious  trouble. 

An  airplane  must  move  forward,  and  it  may 
move  to  the  right  or  left,  and  up  or  down. 
It  may  move  in  two  or  three  of  these  direc- 
tions at  the  same  time.  It  may  speed  up  or 
slow  down,  climb  or  glide,  bank  right  or  left. 
All  these  motions  are  controlled  by  four  de- 
vices: the  throttle  for  the  engine,  the  elevators 
for  climbing  or  gliding,  and  the  ailerons  and 
rudder  for  turning. 

The  Throttle.  The  amount  of  gasoline  fed  to 
the  engine  is  controlled  by  a throttle  valve, 
shown  in  a typical  pilot’s  cockpit  in  Fig.  33-13. 
Since  an  airplane  is  completely  dependent  on 
the  power  of  its  engine  to  stay  aloft,  the  throt- 
tle and  all  other  engine  parts  must  work  per- 
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fectly.  Good  pilots  test  the  engine  before 
every  flight.  If  you  make  a flight,  watch  for 
this  test. 

When  a plane  takes  off  from  the  ground 
and  starts  to  climb,  it  needs  more  power  than 
it  does  for  level,  steady  flying.  During  take- 
off, the  plane  is  accelerating  and  climbing, 
both  of  which  actions  require  extra  power. 


Courtesy  American  Airlines 


Fig.  33—13.  Cockpit  of  a DC— 6 Airliner,  showing 
the  control  wheel  on  the  left,  the  throttles  for  the 
four  engines  in  the  center,  and  some  of  the  other 
instruments  on  which  the  pilot  depends  for  safety 
in  flight. 

When  it  is  climbing,  it  must  lift  itself.  When 
the  plane  is  flying  level,  on  the  other  hand, 
the  engine  has  only  to  overcome  the  drag  of 
air  on  the  body  and  wings.  Therefore,  for 
take-off  and  climb  the  throttle  valve  is  opened 
wide,  whereas  for  level  flight  it  is  usually 
closed  somewhat. 

When  an  airplane  is  in  level  flight,  the  lift 
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on  the  wings  equals  the  weight  of  the  plane, 
and  the  drag  on  the  wings  and  body  equals  the 
thrust  of  the  engine.  Opening  the  throttle  of 
the  engine  increases  the  thrust,  which  is  then 
greater  than  the  drag,  and  the  plane  speeds 
up.  But  as  the  plane  goes  faster,  the  air 
rushes  over  the  top  of  the  wing  more  rapidly 
than  before,  increasing  the  Bernoulli  effect  to 
a value  greater  than  the  weight  of  the  plane. 
The  airplane  therefore  climbs  at  the  same 
time  that  it  speeds  up.  The  reverse  action 
occurs  when  the  plane  slows  down;  that  is, 
the  plane  goes  into  a slow  glide. 

The  Elevators.  The  usual  way  to  make  a 
plane  climb  or  glide  is  to  tilt  the  elevators  on 


Fig.  33—14.  The  horizontal  stabilizer  and  elevator 
of  an  airplane  control  the  climb  and  descent.  The 
vertical  stabilizer  and  rudder  control  the  direction 
of  flight. 

the  tail  of  the  plane.  Fig.  33-14  shows  the 
horizontal  stabilizer,  which  is  the  small  fixed 
wing  on  the  tail  of  the  plane,  and  the  eleva- 
tors, which  are  just  behind  the  stabilizer. 
When  the  pilot  pulls  back  on  the  control  stick 
or  wheel,  the  elevators  tilt  upward.  The  flow 
of  air  past  them  pushes  the  tail  down,  thus 
raising  the  nose  of  the  plane,  and  the  plane 
begins  to  climb.  When  the  desired  angle  of 
climb  is  attained,  the  pilot  returns  the  wheel 
to  its  normal  position,  but  the  plane  con- 
tinues to  climb.  To  level  off,  he  pushes  the 
wheel  forward,  depressing  the  elevators  and 
raising  the  tail.  When  the  plane  becomes 
level,  he  returns  the  wheel  to  its  normal 
position. 

If  the  climb  is  not  rapid,  it  is  not  necessary 
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to  increase  the  thrust;  but  if  the  climb  is  rapid, 
the  throttle  must  be  opened.  Most  of  the  in- 
creased lift,  however,  results  from  the  change 
in  the  angle  of  attack,  that  is,  the  angle 
between  the  air  stream  and  the  wings.  Vari- 
ous positions  of  the  wings  are  shown  in  Fig. 
33-15. 

When  the  pilot  wants  to  dive,  he  pushes 
his  control  wheel  forward  for  a moment  and 
generally  closes  the  throttle  somewhat.  The 
plane  will  fly  in  a shallow  dive  until  the  pilot 
changes  the  elevators  again. 
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Fig.  33—15.  The  forces  on  an  airplane  wing  vary 
with  the  angle  of  attack.  The  A figures  show  the 
forces  on  the  wing,  the  B figures  show  the  movement 
of  air  past  the  wing.  When  the  angle  of  attack  is 
more  than  about  1 0 degrees,  the  air  flow  becomes 
turbulent  and  the  lift  decreases. 


The  Ailerons  and  Rudder.  Changing  the  di- 
rection in  which  a plane  is  flying  is  more  com- 
plicated than  making  it  climb  or  glide.  The 
rudder,  a vertical  fin  on  the  tail,  can  be  turned, 
but  this  merely  twists  the  plane  so  that  it 
seems  to  skid  sidewise  in  the  direction  in 
which  it  was  moving  before.  In  addition,  a 
force  must  be  produced  to  move  the  plane  to 
one  side.  This  is  done  by  tilting  the  plane 
by  means  of  ailerons,  the  movable  sections 
of  the  trailing  edge  of  the  wing  (see  Fig.  33- 
16).  Then  if  the  elevator  is  raised  slightly, 
the  wings  push  sideways  against  the  air  and 
the  plane  changes  direction.  The  ailerons 
are  moved  by  the  cqntraV'wheel  in  the  same 


way  as  the  steering  wheel  of  a car  is  used. 
Turning  the  wheel  clockwise  raises  the  aileron 
on  the  right  wing  and  lowers  the  one  on  the 
left.  This  operation  produces  a right  bank. 
Turning  the  wheel  counterclockwise  moves 
the  ailerons  the  opposite  way  and  produces 
a left  bank. 

The  rudder  is  controlled  by  a rudder  bar 
on  which  the  pilot  pushes  with  his  feet.  If 
the  plane  is  to  go  to  the  right,  the  pilot  pushes 
his  right  foot  forward;  if  it  is  to  go  to  the 


Fig.  33—1 6.  Ailerons  are  movable  sections  of  the 
trailing  edge  of  a wing.  When  one  aileron  tips  up 
the  other  goes  down. 


left,  he  uses  his  left  foot.  These  actions  are 
the  opposite  of  those  used  in  steering  a sled. 

Airplane  Instruments.  A pilot  depends  on 
special  instruments  in  navigating  his  plane. 
All  planes  are  equipped  with  at  least  four 
such  instruments— a magnetic  compass,  an  al- 
timeter, a tachometer,  and  a clock.  Commer- 
cial and  military  planes  have  many  additional 
instruments. 

Contact  Flying.  The  direction  in  which  a 
plane  is  flying  can  be  determined  if  the  pilot 
has  a map  and  can  see  the  ground.  If  he  can 
identify  objects  both  on  the  map  and  on  the 
ground,  he  can  fly  from  one  object  to  the  next. 
This  is  called  contact  flying.  Railroad  lines. 
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rivers,  and  roads  are  common  landmarks  used 
for  contact  flying. 

The  Magnetic  Compass.  When  the  pilot 
flies  through  clouds  or  at  night,  he  must  often 
depend  on  a compass.  By  comparing  the  com- 
pass reading  with  the  compass  direction  on  a 
map,  the  pilot  can  tell  where  he  is  heading. 

No  compass  is  completely  reliable,  and  a 
strong  wind  may  blow  a plane  off  its  course. 
Commercial  and  military  planes  as  well  as 
many  private  ones  now  depend  on  radio  beams 
for  accurate  information  on  the  path  of  their 
flights. 

The  Altinieter.  A pilot  must  always  know 
how  high  above  sea  level  his  plane  is,  espe- 
cially if  he  is  flying  in  mountainous  country. 
He  finds  this  information  on  an  altimeter. 
The  altimeter  in  general  use  is  essentially  an 
aneroid  barometer,  described  in  Chapter  20, 
with  the  scale  marked  in  feet  instead  of  pres- 
sure units.  It  indicates  height  by  showing  the 
decrease  in  atmospheric  pressure  above  , sea 
levein^t  air  pressure  also  varies  with  the 
weather.  Pilots  therefore  depend  on  radio  to 
supply  them  with  information  to  correct  the 
reading  of  their  altimeters.  Many  planes, 
especially  commercial  airliners,  use  a terrain 

THINGS  TO 

The  Wright  brothers  were  the  first  to  fly  in  a 
powered  heavier-than-air  machine  at  Kitty  Hawk, 
North  Carolina,  in  1903. 

If  the  speed  is  great  enough,  the  pressure  of  a 
gas  or  liquid  is  lowered  where  it  flows  through  a 
constriction.  This  is  the  Bernoulli  effect. 

An  airplane  is  lifted  largely  because  the  pres- 
sure on  the  upper  surface  of  the  wing  is  lower 
than  that  on  the  under  surface.  This  is  an  ex- 
ample of  Bernoulli  lift. 

A force  may  produce  two  effects  at  the  same 
time  in  different  directions.  These  effects  are 
called  components  of  the  original  force. 


A.  What  effect  is  largely  responsible  for  the 
lift  of  an  airplane  wing? 

2.  What  are  the  components  of  a force? 
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clearance  indicator,  a more  complicated  in- 
strument that  tells  how  far  the  plane  is  above 
any  obstruction.  Another  means  of  locating 
an  obstruction  is  by  radar,  which  is  discussed 
in  Chapter  47. 

The  Tachometer.  Proper  engine  speed  is  of 
prime  importance  in  the  operation  of  a plane. 
This  information  is  given  by  the  tachometer. 
There  are  several  types  of  tachometer.  One 
type  consists  of  a small  electric  generator  at- 
tached to  the  engine.  The  electricity  produced 
by  the  generator  depends  on  the  speed  of  the 
engine.  The  electricity  operates  a dial  on  the 
instrument  panel  of  the  plane. 

The  Clock.  A good  pilot  always  plans  his 
flight  before  leaving  the  ground.  He  predicts 
the  time  at  which  he  will  reach  definite  points 
along  his  journey.  At  frequent  intervals  dur- 
ing the  flight  he  checks  his  predictions  with 
the  actual  time.  If  he  finds  that  he  is  far  be- 
hind his  schedule,  because  of  head  winds  or 
engine  trouble,  he  may  have  to  revise  his 
flight  plan.  Accurate  clocks  are  especially  nec- 
essary on  long  flights,  or  on  flights  in  cloudy 
weather,  when  the  engine  speed,  compass 
heading,  and  clock  must  tell  the  pilot  where 
he  is  at  any  given  moment. 

REMEMBER  

The  two  components  on  an  airplane  wing  are 
called  the  lift  and  the  drag. 

To  keep  a plane  in  normal  steady  flight  (a) 
the  lift  must  equal  the  weight  of  the  plane,  and 
(£»)  the  drag  must  equal  the  thrust  of  the  pro- 
peller. 

The  motions  of  an  airplane  are  controlled  by 
its  throttle,  elevator,  ailerons,  and  rudder. 

An  airplane  must  have  on  its  instrument  panel 
the  following:  a magnetic  compass,  an  altimeter, 
a tachometer,  and  a clock. 


IONS 

-3.  What  is  the  vertical  component  of  the  force 
on  an  airplane  wing?  the  horizontal  compo- 
nent? 

'■'^4.  In  level,  steady  flight,  why  must  the  lift  on 
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the  wing  only  equal  the  weight  of  a plane, 
not  exceed  it? 

5.  Name  the  conditions  that  determine  the 
amount  of  lift  on  the  wing. 

6.  How  is  a plane  made  to  climb? 

JJ . What  instruments  are  required  on  the  in- 
strument panel  of  a plane? 

„ 8.  What  is  a tachometer? 

B 

9.  Gi\c  a simple  explanation  of  the  Bernoulli 
effect. 
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‘ 1 0.  What  happens  to  the  drag  on  a plane  when 
the  motor  is  speeded  up? 

-11.  If  the  average  lift  of  the  air  on  a wing  is  2 
pounds  per  square  inch,  what  weight  could 
be  lifted  by  such  a wing  whose  area  is  120 
square  feet? 

o'  1 2.  How  does  a pilot  cause  a plane  to  bank? 

' 1 3.  How  does  an  altimeter  work? 

14.  How  does  a tachometer  help  in  flying  a 
plane  at  night? 


PROJECT 


Making  a W'ind  'runnel.  Mount  an  electric  fan 
behind  a grill  about  1 foot  square  and  8 inches 
deep.  A wooden  box  with  its  bottom  removed 
and  its  inside  filled  with  eardboard  partitions  like 


in  front  of  the  grill  so  that  air  flows  past  it 
smoothly.  Tiny  threads  of  silk  glued  on  the  wing 
surface  will  show  where  the  air  flows  smoothly 
and  where  it  is  rough  or  turbulent.  Another  way 


Fig.  33—1  7,  Wind  tunnel  in  an  aeronautics  laboratory.  The  students  are  arranging  a plane 
to  study  the  effects  of  streamlining. 


those  in  an  egg  box  will  be  satisfactory.  The  par- 
titions insure  a straight  flow  of  air  with  few 
whirls  and  eddies. 

Then  mount  the  wing  of  a model  airplane 


of  showing  the  air  flow  is  to  generate  a white  fog 
and  blow  it  through  the  grill  with  the  fan.  Any 
smoke-producing  material  is  satisfactory. 

Change  the  angle  of  attack  of  the  wing  and 
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watch  the  air  flow  over  the  top  of  the  wing. 
What  is  the  angle  of  attack  when  the  flow  be- 
comes very  turbulent?  This  is  the  angle  at  which 
the  airplane  wing  stalls  and  fails  to  hold  up  the 
plane. 

Try  other  shapes  and  study  the  flow  of  air  past 
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them.  This  will  show  you  the  advantages  of 
streamlining.  For  instance,  compare  the  flow  of 
air  past  a cone-shaped  piece  of  wood,  with  the 
point  first  toward  and  then  away  from  the  fan. 
Which  way  produces  less  drag? 


chapter  34 


GAS  TURBINES,  JETS,  AND  ROCKETS 


We  have  discussed  the  steam  engine,  which 
is  a product  of  the  18th  century,  and  the 
internal-combustion  engine,  which  is  a prod- 
uct of  the  19th  century.  Now  let  us  see 
what  the  20th  century  has  contributed  to  the 
advancement  of  transportation.  Our  century 
is  a scientific  age.  In  fifty  years  more  advances 
have  been  made  than  in  all  preceding  cen- 

turies taken  together. 

Scientists  are  now  engaged  in  developing, 
among  other  things,  more  efficient  engines; 
that  is,  engines  that  will  do  more  work  with 
less  fuel.  This  means  that  they  are  looking 
for  ways  and  means  of  preventing  fuel  waste. 
They  are  also  interested  in  replacing  expen- 
sive gasoline  with  cheaper  and  more  abundant 
fuels.  Is  it  possible  to  run  an  internal-com- 
bustion machine  on  water  gas,  coal  gas,  or 
even  on  powdered  coal?  This  is  an  important 
question,  since  the  supply  of  oil  is  limited 
and  that  of  coal  is  far  more  abundant. 

Another  important  problem  is  the  simplifi- 
cation of  the  engine.  Since  the  internal-com- 
bustion engine  is  a highly  complex  machine, 
its  use  entails  frequent  inspection  of  the  parts 
and  constant  repairs,  as  well  as  the  possibil- 
ity of  breakage  at  a critical  time.  The  scien- 
tist strives  to  reduce  risks  as  far  as  possible 
and  to  avoid  unnecessary  accidents.  In  pass- 
ing from  the  steam  engine  to  the  internal- 
combustion  engine,  he  employed  two  new 
principles:  the  combustion  of  fuel  within  a 
cylinder  and  electric  sparking. 

One  result  of  scientific  research  has  been 


greater  and  greater  speed  in  travel.  Distant 
places  can  now  be  reached  easily  and  quickly; 
indeed  San  Francisco  is  less  than  five  hours 
from  New  York;  Europe  is  less  than  a day 
from  the  United  States.  The  fact  that  distant 
places  are  easily  accessible  is  of  immense  im- 
portance in  our  international  social  relation- 
ships. In  his  famous  book  One  World,  Wen- 
dell Willkie  pointed  a way  to  the  removal 
of  internal  misunderstandings  which  are  the 
seeds  of  war.  Mutual  understanding  among 
nations  can  be  advanced  only  if  transportation 
is  rapid  and  cheap. 

Today  we  are  interested  in  the  centers  of 
culture,  both  modern  and  ancient.  But  cen- 
ters of  culture  are  widely  separated.  Easy 
transportation  therefore  makes  it  possible  for 
many  of  us  to  visit  them  and  thus  to  appre- 
ciate and  understand  our  cultural  inheritance, 
and  to  further  the  exchange  of  cultures  among 
the  peoples  of  the  earth. 

Improved  transportation  has  given  rise  to 
such  an  ambitious  idea  as  the  possibility  of  a 
trip  to  the  moon  or  to  the  planet  Mars.  Some 
scientists  believe  that  such  a trip  will  become 
a reality  during  the  20th  century.  They  are 
experimenting  to  devise  the  kind  of  “ship” 
that  will  be  able  to  travel  through  space.  But 
think  of  the  difficulties  involved  in  building 
an  engine  for  such  a journey!  The  engine 
needs  oxygen  for  the  combustion  of  a fuel. 
How  can  the  oxygen  be  supplied  as  the  ship 
travels  through  space  where  there  is  neither  air 
nor  oxygen?  This  is  clearly  a major  problem; 
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an  electric  generator,  or  a ship. 


yet  many  scientists  believe  it  can  be  solved. 

Let  us  now  study  a few  of  the  engineering 
advances  in  transportation  already  made  in 
the  present  century — the  gas  turbine,  the  jet, 
and  the  rocket. 

The  Gas  Turbine.  The  gas  turbine  is  really 
a combination  of  the  internal-combustion  en- 

gine and  the  steam  turbine.  Fuel  gases— from 
gasoline,  kerosene,  fuel  gas,  or  even  powdered 
coal — burn  inside  the  engine  and  spin  a small 
turbine  at  high  speed.  The  turbine  can  then 
be  used  to  spin  a propeller,  turn  an  electric 
generator,  or  drive  a locomotive. 

The  principal  parts  of  this  engine  are  a 
compressor  to  supply  air,  a combustion  cham- 
ber where  the  air  and  fuel  burn,  and  a turbine 


Courtesy  U.S.  Air  Force 

Fig.  34—2.  The  propeller  of  this  experimental  plane 
is  driven  by  a gas  turbine  in  the  rear  of  the  fuselage. 
(Note  the  air  intake  port  just  to  the  rear  of  the 
cockpit.)  Such  an  arrangement  is  often  called  a 
"prop-jet"  engine,  since  both  propeller  and  jet  help 
to  move  the  plane. 


that  produces  the  motion.  We  can  follow 
the  operation  of  these  parts  by  studying  Fig. 
34-1. 

When  the  engine  is  turning  over,  air  enters 
the  front  end  and  is  forced  by  the  rapidly 
spinning  compressor,  which  operates  like  a fan, 
into  the  combustion  chamber.  Here  it  com- 
bines with  the  fuel  and  burns.  The  heat  of 
the  flame  increases  both  the  temperature  and 
the  pressure  of  the  gaseous  products  of  com- 
bustion. These  gases  strike  the  blades  of  the 
turbine  and  turn  them  at  high  speed.  The 
turbine  is  on  the  same  shaft  as  the  compressor, 
so  that,  once  the  engine  has  started,  the  tur- 
bine keeps  the  compressor  and  a fuel  pump 
operating  and  the  motor  continues  to  run. 
The  flame  in  the  combustion  chamber  ignites 
the  new  fuel-air  mixture  as  it  enters,  so  that 
no  ignition  system  is  used  after  the  first  spark. 

Many  engines  of  this  type  have  been  built 
and  tested,  and  the  results  show  thaTthg  ggs 
turbine  is  more  efficient  than  either  the  steam 

turbine  or  the  automobile  engine.  It  is  also 
much  simpler  to  build,  since  all  the  cams, 
valves,  and  ignition  of  the  ordinary  engine  are 
unnecessary.  Moreover,  kerosene  is  just  as 
good  as  super-octane  aviation  gasoline  for 

these  engines  and  is  much  cheaper.  With 
these  advantages  this  new  engine  will  cer- 
tainly be  adapted  for  general  use  and  will  be 
a serious  competitor  of  the  internal-combus- 
tion engine. 


GAS  TURBINES,  JETS,  AND  ROCKETS 


The  Jet.  Another  engine  closely  associated 
with  the  gas  turbine  is  the  jet.  This  engine, 
however,  is  designed  only  to  produce  motion: 
in  other  words,  it  will  fly  a plane  but  it  will 
not  turn  a generator  or  a drill  press.  The  jet 
plane  is  simple  in  design.  It  uses  kerosene  as 
a fuel,  it  has  no  propeller,  and  it  will  fly  at 

elevations  above  40.000  feet.  The  jet  is  faster 
than  the  ordinary  plane.  It  has  already  been 
flown  at  a speed  of  more  than  670  miles  an 
hour. 

The  jet  plane  is  designed  to  operate  in  ac- 
cordance with  a well-known  law,  first  stated  by 
Isaac  Newton:  For  every  action  there  is  an 
equal  and  ot)t>osite  reaction.  This  law  means 
that  when  a locomotive,  for  example,  moves 


Courtesy  Royal  Canadian  Air  Force 


Fig.  34-3.  An  R.C.A.F.  F-86  Sabre  Jet  tighter 
capable  of  flying  over  650  MPH.  Its  jet  engine  de- 
velops over  5,000  pounds  thrust.  This  plane  has  a 
range  of  more  than  1 100  miles. 

forward  it  pushes  back  on  the  rails,  which 
must  therefore  be  fixed  firmly  to  the  ground; 
otherwise  they  would  move.  This  push  on 
the  rails  constitutes  the  action.  The  rails 
exert  an  equal  reaction  on  the  locomotive, 
and  it  is  this  thrust  that  causes  the  locomotive 
to  move. 

Likewise,  if  a boy  in  a canoe  throws  a rock 
over  the  stern  of  the  canoe,  he  and  the  canoe 
move  forward.  His  action  of  throwing  the 
rocks  is  opposed  by  the  reaction  force  of  the 
rock  against  his  hand,  which  pushes  him  for- 
ward. Thus  both  the  rock  and  the  thrower 
are  made  to  move.  ' 

Suppose  a person  on  roller  skates  throws  a 
heavy  weight,  such  as  a medicine  ball,  away 
from  him.  If  he  is  on  a smooth  floor,  he  will 
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move  backward  almost  as  fast  as  the  ball  goes 
forward. 

How  can  action  and  reaction  be  used  to 
fly  a plane?  Let  us  find  the  answer  to  this 
question  by  watching  the  flight  of  an  inflated 
balloon  as  air  escapes  from  it. 

Demonstration  34-1.  The  Flight  of  a Balloon. 

Blow  up  a toy  balloon  and  close  it  by  holding 
the  neck.  Now  release  the  balloon  and  observe 
that  it  takes  off  on  an  erratic  flight  of  ten  or 
twenty  feet.  Why? 

The  rounded  shape  of  the  balloon  when 
blown  up  shows  that  the  air  inside  is  exerting 
an  equal  pressure  in  all  directions,  as  shown 
in  Fig.  34-4.  That  is,  pressure  A is  balanced 
by  pressure  B and  pressure  C by  pressure  D; 
so  nothing  happens. 


DIRECTION  OF  MOTION 


Fig.  34—4.  The  air  in  the  inflated  balloon  exerts  an 
equal  pressure  in  all  directions.  When  the  air  is 
allowed  to  escape,  the  released  air  upsets  the  bal- 
ance of  the  pressure  forces  within  the  balloon. 

When  the  gas  eseapes  from  the  balloon, 
however,  a different  situation  exists  beeause 
there  is  no  longer  a foree  on  the  balloon  at  B. 
Instead,  the  balloon  pushes  the  gas  out  at  V, 
and  this  foree  is  the  action.  The  foree  A is 
now  an  unbalanced  foree;  it  is  the  reaction 
of  the  gas  on  the  balloon.  This  unbalanced 
foree  makes  the  balloon  move. 

This  motion  would  take  plaee  even  in  a 
vaeuum,  beeause  it  is  the  gas  inside  the  bal- 
loon that  eauses  the  motion. 

Direction  of  Motion.  The  jet  engine  works 
in  a similar  way,  as  shown  in  Fig.  34-5.  Air 
enters  the  front  of  the  engine  and  is  forced 
by  a rapidly  rotating  compressor  into  the 
eombustion  ehamber,  where  it  is  mixed  with 
fuel  and  burned,  The  high  temperature  in- 
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creases  the  pressure  of  the  air  and  gases,  which 
then  pass  through  a small  turbine  and  out  of 
the  jet  at  the  rear  of  the  engine.  The  pur- 
pose of  the  turbine  is  to  keep  the  compressor 
and  fuel  pump  going  in  order  to  keep  the  en- 
gine working.  The  thrust  of  the  engine  is 
produced  by  the  reaction  to  the  expanding 

gases  as  they  rush  out  of  the  jet  with  a veloc- 
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ordinary  planes;  it  is  quieter  and  has  fewer 
meters  and  controls  for  the  pilot  to  watch 
and  operate. 

One  of  the  most  spectacular  uses  of  a jet 
engine  during  World  War  II  was  the  flying 
bomb,  or  V-1  robot  bomb.  It  was  first  used 
by  the  Germans  to  bomb  London  from 
launching  sites  in  France,  Belgium,  and  Hol- 
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Fig.  34—5.  Cut-away  view  of  a turbo-jet  engine  showing  its  actual  construction.  Engines  of 
this  type,  applying  their  thrust  directly  rather  than  through  the  medium  of  wheels  or  a pro- 
peller, develop  a reaction  thrust  of  over  5,000  pounds. 


ity  that  may  be  as  high  as  1,400  miles_j3£r 
hour.  In  acting  on  the  gases  to  force  them  out 
at  this  speed,  the  engine  is  subjected  to  a eor- 
responding  reaction  that  drives  it  forward 
with  great  force. 

The  F-84  Thunderjet,  shown  in  Fig.  34-3, 
has  a jet  engine  built  into  the  fuselage  near 
the  pilot.  This  plane  has  flown  at  speeds 
greater  than  650  miles  per  hour  and  to  heights 
of  over  40,000  feet.  It  is  easier  to  fly  than 


land.  An  offieial  British  statement  deseribed 
it  as  a miniature  plane  with  a wingspan  of  17 
feet.  The  wings  were  about  2 feet  wide  and 
were  placed  about  midway  on  a 21 -foot  fuse- 
lage. The  body  of  the  bomb  contained  over 
a ton  of  explosive,  a fuel  tank,  and  the  con- 
trol mechanism  that  guided  its  flight. 

Rockets.  Rockets  have  been  used  for  centu- 
ries as  weapons  in  war  and  in  fireworks  cele- 
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brations.  The  Chinese  used  flaming  rocket 
fire  arrows  as  incendiary  devices  as  early  as 
the  13th  centur}^  The  British  used  improved 
rockets  against  France  and  against  the  United 
States  in  the  early  19th  century.  But  improve- 
ments in  explosives  and  guns  made  even  the 
best  of  these  early  rockets  obsolete  as  weapons. 

Rockets  operate  on  the  same  basic  prin- 
ciple as  the  jet;  that  is,  gases  are  expelled 
backwards  rapidly  and  the  reaction  drives 
the  rocket  forward.  The  main  difference  be- 
tween the  jet  and  the  rocket  is  that  the  jet 
uses  atmospheric  air,  whereas  the  rocket  car- 
ries  both  its  fuel  and  its  oxygen  supply.  Since 
the  rocket  does  not  depend  on  the  atmosphere 
for  combustion,  theoretically  at  least,  a rocket 
could  be  used  on  a flight  to  the  moon  or  to 
a planet  such  as  Mars  or  Venus.  ^ 

There  are  twoTroad  classes  of  rockets':' pow- 
der rockets  and  diquid-fuel  rockets.  We  shall 
consider  both  types. 

Powder  Rockets.  The  fuel  of  the  powder 
rocket  is  similar  to  ordinary  gunpowder  de- 
scribed on  page  219,  but  the  composition  has 
been  changed  somewhat  to  make  it  burn  more 
slowly  and  evenly.  This  fuel  is  packed  firmly 
into  the  body  of  the  rocket,  but  a tapering 
hole  is  left  in  the  center  of  the  powder.  When 
the  powder  is  ignited,  it  burns,  producing 
gases  which  blow  vigorously  out  of  the  jet  at 
the  rear  of  the  rocket.  The  hole  in  the  pow- 
der is  the  combustion  chamber,  whieh,  of 
_ course,  becomes  larger  as  the  powder  burns. 
Theja^er  the  combustion  chamber,  the  faster 
is  the  rate  at  which  the  gases  are  produced, 
so  a rocket  actually  speeds  up  during  its 
flTght.  The  total  burning  time  of  a powder 
roTket  is  not  more  than  a few  seconds. 

Early  powder  rockets  were  dangerous  to 
use  and  erratic  in  flight.  But  rapid  develop- 
ment of  this  type  of  rocket  took  place  during 
World  War  II.  The  Germans  were  the  first 
to  use  rocket  guns  on  fighter  planes.  The 
range  of  the  rocket  was  so  much  greater  than 
that  of  ordinary  machine  guns  that  German 
fighters  could  stay  out  of  range  of  a bomber’s 


gmis  and  yet  hit  the  bomber  with  rockets. 
Americans  were  the  first  to  use  rockets  from 
landing  craft,  and  salvos  of  rockets  helped  to 
clear  the  beaches  of  Japanese  before  landings 
on  the  Pacifie  Islands. 

Rockets  have  also  been  used  to  assist 
heavily  loaded  aircraft  to  take  off  after  rela- 
tively short  runs.  This  permitted  them  to  be 
launched  from  the  deck  of  a carrier.  Rockets 


Courtesy  II. S.  Army  Signal  Corps 

Fig.  34—6.  A V— 2 rocket  is  lifted  gently  into  firing 
position  for  tests  at  the  White  Sands  Proving  Ground. 
Scientific  instruments  were  carried  aloft  to  record 
information  about  conditions  in  the  atmosphere  70 
miles  above  the  earth. 


have  been  similarly  used  to  assist  take-offs  in 
peacetime. 

Liquid-Fuel  Rockets.  Liquid-fuel  rockets 
carry  a fuel,  such  as  alcohol,  and  liquid  oxygen 
for  producing  combustion.  These  liquids  are 
injected  under  pressure  into  the  combustion 
chamber,  where  they  react  and  produce  hot 
gases  which  are  blown  violently  out  the  jet. 
Alcohol  contains  carbon,  hydrpgen,  and  oxy- 
gen, and  it  is  a powerful  butxxpensive  fuel. 

Such  rockets  are  still  largely  in  the  exper- 
imental or  developmental  stage..  One  of  the 
difficulties,  for  instance,  is  th^ handling  of 
liquid  oxygen,  which  must  be  maintained 
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at  a temperature  of  nearly  —190°  C.  At  this 
low  temperature,  moisture  condenses  and 
freezes  on  the  tank  and  on  all  pipes  carrying 
the  liquid  oxygen.  In  consequence,  pumps 
used  for  injecting  it  into  the  combustion 


Courtesy  Lockheed  Aircraft  Corp. 


Fig.  34—7.  Lockheed  F— 80C  Shooting  Stars. 

chamber  may  also  freeze;  and  the  whole 
equipment  is  thus  dangerously  explosive. 

In  spite  of  these  difficulties  the  Germans 
developed  the  V-2  rocket,  using  liquid  oxygen 
and  alcohol  for  fuels.  Such  rockets,  shown 
in  Fig.  34-6,  were  used  as  a terror  weapon 
against  England  toward  the  end  of  World 
War  II.  Some  of  them  exploded  before  they 
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left  the  ground,  but  many  made  “successful” 
flights.  They  climbed  almost  70  miles  into 
the  stratosphere,  then  leveled  off  and  flew  at 
a speed  of  over  3,000  miles  an  hour  toward 
their  target.  Finally,  they  nosed  down  and 
approached  the  target  at  a speed  greater  than 
that  of  sound,  so  that  their  approach  could 
not  be  heard.  It  was  the  silent  approach 
that  made  this  rocket  one  of  the  most  terrify- 
ing weapons  of  the  war. 

Today  rockets  are  our  only  means  of  ex- 
ploring the  upper  layers  of  the  atmosphere. 
Government  scientists  have  sent  many  cap- 
tured German  V-2  rockets,  carrying  scientific 
instruments,  into  the  stratosphere  at  altitudes 
of  more  than  100  miles.  The  instruments 
measure  such  things  as  temperature,  the 
nature  of  the  upper  atmosphere,  and  the 
sun’s  spectrum. 

The  use  of  liquid-fuel  rockets  as  engines 
for  global  and  interplanetary  flight  holds  fas- 
cinating possibilities.  However,  atomic  energy 
may  supplant  liquid  fuel  as  the  source  of 
power  in  future  rockets.  The  major  disad- 
vantage of  liquid-fuel  rockets  as  commercial 
engines  lies  in  the  tremendous  amount  of 
fuel  that  must  be  carried  even  for  short 
flights.  For  instance,  11,000  pounds  of  liquid 
oxygen  and  7,500  pounds  of  alcohol  are  used 
to  raise  a rocket  about  70  miles  above  the 
earth.  This  difficulty  would  presumably  not 
exist  with  atomic  power,  but  much  more  re- 
search and  development  must  be  carried  out 
before  either  form  of  power  is  ready  for 
everyday  use. 


THINGS  TO  REMEMBER 


A gas  turbine  burns  in  its  combustion  cham- 
ber a mixture  of  air  and  fuel.  The  resulting 
gases  turn  a turbine  that  can  be  used  to  drive 
sueh  deviees  as  propellers  or  electrie  generators. 

A jet  engine  burns  air  and  fuel  and  then  ejeets 
the  gases  at  the  rear  of  the  engine.  It  is  designed 
only  for  producing  motion;  it  cannot  operate  in 
a vacuum. 


A rocket  carries  its  own  oxygen  supply  as  well 
as  its  fuel;  therefore  it  can  work  in  a vacuum. 
Otherwise  it  acts  in  the  same  way  as  a jet. 

Newton’s  law  states  that  for  every  action  there 
is  an  equal  and  opposite  reaction. 

In  the  operation  of  the  jet  and  the  rocket, 
ejection  of  the  gases  backward  drives  the  engine 
forward. 
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QUESTIONS 


A 

/“I.  Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

(a)  A jet  is  an  internal-combustion  engine. 

(b)  A jet  uses  kerosene  as  a fuel. 

(c)  Sir  Isaac  Newton  first  explained  how 
to  construct  airplanes. 

(d)  Liquid-fuel  rockets  have  been  used  for 
centuries. 

(e)  Rockets  carry  their  own  oxygen  supply, 
i.  2.  Name  the  principal  parts  of  a gas  turbine. 

3.  ^^Tat  fuels  can  a gas  turbine  utilize? 

, 4.  Why  might  we  call  a gas  turbine  an  “in- 
ternal-combustion” turbine? 

.5.  Does  a plane  powered  with  a gas  turbine 
have  a propeller?  Explain. 

6.  Can  a jet  engine  be  used  to  run  a sawmill? 
Explain. 

{/  7.  State  Newton’s  law  of  action  and  reaction. 

8.  Why  will  rockets  rather  than  jets  be  used 
for  interplanetary  travel? 


B 

9.  Why  are  you  able  to  run  forward?  Use 
Newton’s  law  in  your  explanation. 

10.  Describe  the  advances  in  transportation 
made  in  the  18th,  19th,  and  20th  centuries. 

1 1 . How  does  a jet  engine  differ  from  a gas 
turbine? 

12.  How  does  a rocket  differ  from  a jet? 

13.  What  major  factor  will  limit  the  maxi- 
mum altitude  to  which  a jet  plane  can  be 
flown? 

14.  Explain  why  an  inflated  rubber  balloon 
moves  when  released  with  its  mouth  open. 

15.  Describe  the  combustion  of  the  fuel  during 
the  flight  of  a powder  rocket. 

16.  {a)  Name  two  difficulties  encountered  in 

the  development  of  liquid-fuel  rockets. 
(b)  Would  atomic  power  overcome  these 
difficulties?  Explain. 

^17.  Write  an  imaginary,  though  reasonable,  es- 
say describing  the  possible  means  of  trans- 
portation at  the  end  of  the  present  century. 


PROJECTS 


;.  To  Build  a Reaction  Jet.  Build  a small 
wooden  boat  about  10  inches  long  and  3 
inches  wide.  Mount  a can  of  sterno  under  a 
funnel  whose  bent  stem  points  toward  the 
rear  of  the  boat.  Light  the  burner  and  watch 
the  boat  go.  What  makes  it  move?  Is  it  like 
a gas  turbine,  a jet,  or  a rocket? 

2.  Testing  a Model  Jet  Plane.  Some  model  air- 
planes are  built  with  jets.  Write  to  a model- 


A 

^1.  What  is  meant  by  the  components  of  a 
force? 

•y^2.  On  what  does  the  mechanical  advantage  of 
scissors  depend? 

l/3.  A boy  weighing  150  pounds  climbs  a verti- 
cal ladder  to  a height  of  20  feet.  How 
much  work  does  he  do? 

4.  Name  three  important  differences  between 
gasoline  engines  and  Diesel  engines. 

5.  What  kind  of  cooling  system  is  commonly 
used  in  a gasoline  engine? 

6.  Should  a Diesel  engine  have  a cooling  sys- 
tem? Explain. 


aircraft  supply  house  for  information  on  the 
types  available. 

If  you  build  a plane  using  such  a jet,  test 
its  power  or  thrust  on  the  ground  by  hooking 
a small  spring  balance  to  the  tail  skid  with  a 
light  wire.  How  does  the  thrust  compare 
with  that  of  a model  plane  powered  with  a 
gasoline  engine? 

7.  Compare  the  operation  of  a carburetor  with  ^ 
that  of  ani'injector. 

8.  Describe  the  action  of  the  cylinders  of  a 
four-cycle  engine  during  each  of  its  four 
strokes. 

9.  How  does  the  lifting  effect  on  a balloon  dif- 
fer from  that  on  an  airplane? 

10.  The  lift  on  an  airplane  wing  is  a compo- 
nent of  what  force? 

1 1 . Name  two  factors  that  limit  the  height  to 
which  airplanes  powered  with  internal-com- 
bustion engines  can  go. 

1 2.  How  does  a jet  engine  work? 
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13.  Complete  eaeh  of  the  following  statements 
by  supplying  the  eorreet  word  or  phrase. 

(a)  An  e^ine  is  a device  for  changing 

energy  into  — 

(b)  In  a four-cycle  gasoline  engine  the 

a cylinder  is  forced  down  by 
the  hot  gases  every  stroke. 

(c)  In  a jet  engine  the  rapid  ejection  of 

hot  toward  the  rear  drives  the 

engine 

(d)  The  main  moving  parts  of  a gas- 

turbine  engine  are  the  of  the 

14.  Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

(a)  The  fuel  in  a Diesel  engine  is  ignited 
by  means  of  a spark  plug. 

(b)  A steam  turbine  needs  no  automatic 
valves  for  its  operation,  r 

(c)  Rockets  may  some  day  be  able  to  travel 
to  the  moon  because  they  carry  all 
their  fuel  with  them,  r 

(d)  A jet-propulsion  engine  is  more  com- 
plex than  a Diesel. 

(e)  Diesel  engines  commonly  use  gaso- 
line as  a fuel. 

B 

15.  Would  a pulley  system  with  a mechanical 
advantage  of  40  be  reasonable?  Explain. 

16.  When  100  foot-pounds  of  work  are  put  into 
a pulley  system,  60  foot-pounds  of  work  are 
obtained  from  it.  What  is  the  efficiency  of 
the  system? 

17.  A man  wishes  to  lift  one  end  of  an  automo- 
bile 4 inches.  Would  it  be  easier  to  use  a 
pulley  system  or  a long  plank?  Explain. 

1 8.  A painter  usually  hoists  himself  up  the  side 
of  a building  with  the  help  of  a single  fixed 
pulley  on  the  roof.  One  day  he  injured  his 
arm  and  had  a friend  on  the  ground  hoist 
him  up,  but  the  rope  broke.  Can  you  give 
a reason  for  this? 

19.  Match  each  word  in  the  left-hand  column 


with  the  word  it  is  most  closely  related  to 
in  the  right-hand  column. 


Carburetor 
Condenser 
Fuel  injector 
Powder  fuel 
Steam,  nozzles 


Diesel  engine 
Steam  engine 
Steam  turbine 
Rocket  engine 
Gasoline  engine 


20.  Name  four  different  types  of  heat  engines. 
Tell  how  each  obtains  its  fuel,  its  air  sup- 
ply, and  its  ignition. 


21 . Which  of  the  answers  to  each  of  the  follow- 
ing statements  is  correct? 

(a)  The  fuel  in  a Diesel  engine  is  ignited 
by:  (1)  an  electric  spark;  (2)  a small 
flame;  (3)  the  heat  produced  by  com- 
pressing a gas;  (4)  a chemical  reaction 
which  produces  heat. 

(b)  One  of  the  principal  advantages  of  a 
rocket  engine  is  that  it:  (1)  carries  its 
own  supply  of  oxygen;  (2)  carries  its 
own  supply  of  fuel;  (3)  works  well  at 
low  speeds. 

(c)  A gasoline  engine  will  start:  (I)  by 
itself;  (2)  when  the  ignition  is  turned 
on;  (3)  only  when  it  is  cranked. 

(d)  One  of  the  principal  advantages  of  a 
steam  engine  that  burns  coal  as  a fuel 
is  that:  (1)  coal  is  cheap;  (2)  coal 
contains  more  heat  per  pound  than 
other  fuels;  (3)  the  heat  wasted  keeps 
the  engineer  warm. 

(e)  One  of  the  chief  advantages  of  a con- 
denser on  a steam  turbine  is  that:  (1) 
it  keeps  the  pressure  high  at  the  ex- 
haust; (2)  it  can  be  used  to  make  the 
turbine  go  backward;  (3)  it  prevents 
the  loss  of  pure  water;  (4)  it  helps  the 
engine  use  more  coal  per  unit  weight 
of  steam  produced. 

22.  How  does  steering  a car  around  a corner 
differ  from  guiding  an  airplane  around  a 
corner? 


23,.  How  does  Newton’s  third  law  apply  to  an 
airplane  in  steady,  level  flight? 

24.  Does  Newton’s  third  law  still  apply  to  an 
airplane  when  it  is  climbing? 
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chapter  35 


WHAT  IS  ELECTRICITY? 


Can  you  imagine  what  our  living  would 
be  like  if  we  had  no  eleetricity?  Within  the 
past  century  man  has  discovered  hundreds  of 
ways  to  turn  electricity  to  his  use.  In  our 
homes,  we  see  the  refrigerator,  the  vacuum 
cleaner,  lamps,  the  heater,  the  electric  iron, 
the  radio,  the  telephone,  and  the  doorbell, 
all  operated  by  electricity.  In  industry,  elec- 
tricity plays  an  even  more  important  role.  It 
operates  lathes  and  all  other  kinds  of  ma- 
chines in  factories;  it  is  used  for  welding 
steel  girders  for  skyscrapers.  It  is  used  to 
separate  some  metals  from  their  ores.  Alu- 
minum, for  instance,  which  now  replaces  steel 
for  many  purposes,  is  obtained  from  the  min- 
eral bauxite  by  electricity.  Electricity  is  used 
for  countless  other  purposes,  some  of  which 
we  shall  discuss  in  later  chapters. 

Where  does  electricity  come  from?  You 
know  that  it  travels  along  transmission  lines 
to  the  home,  ofhce,  and  factory.  But  what 
sends  electricity  out  over  the  transmission 
line?  If  we  follow  the  transmission  line  back 
to  its  source,  we  shall  probably  arrive  at  a 
large  building  with  tall  smokestacks  called  a 
power  station.  Here  we  find  huge  electric 
generators,  some  of  which  are  described  in 
a later  chapter.  The  energy  of  coal  operates 
a steam  turbine,  and  this,  in  turn,  operates 
the  machine  that  generates  our  electricity. 
Not  all  electricity,  however,  is  generated  from 
coal;  a great  deal  of  it  is  obtained  from  water 
power.  Nevertheless,  more  than  60  percent 
o^the  electricity  in  the  United  States  is  de- 


riyed_from_  coal  through  the  medium  of  the 
st^m  turbjnn.  Let  us  now  examine  some  of 
the  ways  of  producing  electricity. 

Eleci-ricity  from  Friction.  One  of  the  easiest 
ways  to  produce  electricity  is  to  rub  together 
two  different  surfaces  such  as  glass  and  silk, 
or  fur  and  hard  rubber.  In  Chapter  3,  you 
will  recall,  we  showed  that  an  electrified  rod 


Fig.  35—1.  Like  charges  repel  each  other. 

attracts  small  pieces  of  paper.  Some  rods  can 
be  charged  positively  and  some  negatively, 
as  the  following  experiment  shows. 

Demonstration  35-1.  Positive  and  Negative  Charges  by 
Friction. 

Rub  one  end  of  a glass  rod  vigorously  with  a 
piece  of  silk  and  then  suspend  the  rod  from 
a support,  as  shown  in  Fig.  35-1.  Now  rub 
another  glass  rod  in  the  same  way  and  hold  it 
close  to  the  rubbed  end  of  the  suspended  rod. 
You  will  observe  that  the  suspended  rod  is 
pushed  away,  or  repelled.  Now  rub  a hard-rub- 
ber  or  Bakelite  rod  with  fur  and  bring  it  close 
to  the  suspended  glass  rod.  You  will  find  that 
this  time  the  glass  rod  is  attracted  by  the  hard 
rubber  rod.  Why  is  the  suspended  rod  repelled 
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in  one  case  and  attracted  in  another?  Note: 
When  there  is  too  much  moisture  in  the  air  the 
electric  charges  leak  off  almost  as  fast  as  they  are 
produced.  Therefore  this  experiment  usually 
works  better  in  winter  than  in  summer. 

Electrons  and  Protons.  To  understand  why 
the  rod  was  attracted  in  one  case  and  re- 
pelled in  the  other,  recall  what  you  learned 
about  atoms  in  Chapter  3.  Matter  is  made 
up  of  atoms.  Atoms  contain  eleciiDm  and 
protons.  Each  electron  has  a small  quantity 
of  electric  charge  called  a negatiye  charge. 
It  also  has  mass,  but  the  mass  and  the  charge 
cannot  be  separated.  A proton,  though  ex- 
ceedingly small,  is  about  1,800  times  as  heavy 


Fig.  35—2.  When  the  Bakelite  rod  is  rubbed  with 
fur,  electrons  are  removed  from  the  fur  by  the  rod. 

as  an  electron.  Each  proton  also  has  a charge. 
Because  this  charge  is  opposite  in  kind  to 
that  of  the  electron,  it  is  called  a positive 
charge.  Normally  every  atom  has  as  many 
protons  as  electrons  and  is  therefore  neutral 
electrically. 

When  the  glass  rod  was  rubbed  with  the 
silk,  electrons  were  pulled  off  the  atoms  on 
the  surface  of  the  glass.  Thus  the  glass  was 
eharged  positively  because  it  was  left  with 
more  protons  than  electrons.  The  fact  that 
a second  positively  charged  glass  rod  re- 
pelled the  first  rod  (see  Fig.  35-1)  shows 
that  positive  charges  repel  each  other.  When 
the  Bakelite  rod  was  rubbed  with  the  fur,  elec- 
trons were  removed  from  the  fur  by  the  rod, 
leaving  the  fur  positively  charged  and  giving 


the  Bakelite  rod  a negative  charge.  This  is 
shown  in  Fig.  35-2.  Since  the  negatively) 
charged  rod  attracted  the  positively  charged 
glass  rod,  we  conclude  that  unlike  charges 
attract  each  other. 

We  must  remember  that,  whether  a rod 
is  charged  negatively  or  positively,  the  eharge 
is  due  to  the  transfer  of  electrons,  the  light 
electrons  being  much  more  easily  displaced 
than  the  heavy  protons.  A gain  of  eleetrons 
results  in  a negative  charge;  a loss  of  electrons 

results  in  a positive  charge. 

Let  us  now  see  what  happens  when  a nega- 
tively charged  rod  supported  by  a thread  is 
approached  with  another  negatively  charged 
rod.  We  find  that  the  two  rods  repel  eaeh 
other.  That  is,  negative  charges  repel  each 
other.  Therefore  the  results  of  our  experi- 
ments show  that  unlike  charges  attract  each 
other  and  like  charges  repel  each  other. 

Examples  of  Electricity  Produced  by  Fric- 
tion. You  may  have  noticed  that  large  gas- 
oline trucks  often  have  a small  chain  hanging 
from  the  frame  of  the  truck  and  dragging  on 
the  ground.  As  a result  of  the  friction  caused 
by  motion  electric  charges  are  built  up  on 
the  truck.  If  these  charges  were  allowed  to 
accumulate,  they  would  cause  a spark  that 
might  ignite  the  gasoline  vapor  and  start  a 
fire.  The  chaitT  prevents  this  by  carrying  the 
charges  to  the  ground. 

Another  precaution  against  accumulated 
charges  is  found  on  bridges  and  tunnels  that 
carry  heavy  automobile  traffic.  Before  a vehicle 
reaches  the  tollhouse,  it  passes  over  a short, 
flexible  wire  protruding  from  the  ground.  The 
purpose  of  this  wire  is  to  ^ischar^  the  ve- 
hicle so  that  neither  the  toll  collector  nor 
the  car  driver  will  receive  a shock  as  the  money 
is  being  passed. 

It  is  the  insulating  properties  of  the  rubber 
tires  on  automobiles  that  prevent  the  accu- 
mulated charge  from  escaping  to  the  ground. 
In  a similar  way,  electric  charges  are  built  up 
on  the  moving  belts  that  carry  power  to  ma- 
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cliinery  in  factories.  In  order  to  prevent  snch 
an  accumulation  of  charges,  the  machines  to 
whicli  the  belts  are  conneeted  are  grounded 
by  a heavy  wire  running  from  the  machine 
into  the  earth. 

Even  the  everyday  process  of  combing  the 
hair  produces  electricity  by  friction.  On  a dry 
dav  when  you  run  a comb  through  your  hair, 

you  can  hear  the  crackle  of  electric  sparks,  and 

in  a dark  room  these  sparks  may  even  be  seen. 
During  the  combing,  electrons  are  removed 

from  the  hair  and  collect  on  the  comb, 

leaving  each  hair  with  a positive  charge.  The 
combing  may  even  cause  your  hair  to  stand  on 
end.  Why  does  this  happen? 

Insulators  and  Conductors.  In  general, 
when  two  dissimilar  materials  are  rubbed 
together,  one  material  becomes  positively 
charged  and  the  other  negatively.  But  when 
a metallie  substance  is  rubbed  with  fur,  the 
electrons  will  run  from  the  metal  to  the 
ground  unless  the  metal  is  supported  by  a 
substance  like  Bakelite  or  glass  to  prevent 
them  from  doing  so.  This  is  true  because 
metals  are  conductors:  that  is,  they  are  sub- 
stances in  which  (electrons)  can  move  freely 
from  atom  to  atom.  Substances  like  glass, 
sulfur,  rubber,  Bakelite,  or  plastic,  in  which 
electrons  cannot  move  about  freely,  are  called 
(msulato^  A glass  handle  attached  to  a metal 
object  that  is  rubbed  will  therefore  prevent 
the  electrons  from  running  to  the  ground,  and 
the  metal  object  will  remain  eharged.  It  is 
interesting  to  note  that  good  conductors  of 
heat  are  also  ^ood  conductors  of  electricity. 

Electricify  in  Nature.  Electricity  is  also 
produced  in  nature.  A flash  of  lightning, 
whieh  is  nothing  more  than  a giant  electric 
spark,  is  a spectacular  example.  In  1752 
Benjamin  Franklin  performed  a striking  ex- 

periment. During  a thunderstorm  he  flew  a 
kite  provided  with  an  iron  point.  For  string 
he  used  a silk  cord.  To  the  lower  end  of 
the  cord  he  attaehed  a metal  key.  Franklin 
found  that  whenever  he  touched  the  key  he 
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obtained  a spark.  In  this  way  he  proved  that 
electricity  could  be  drawn  from  a thunder- 
cloud. 


This  experiment  led  to  the  use  of  lightning 
rods  to  protect  buildings  against  lightning.  A 
lightning  rod  consists  of  a copper  rod,  with  a 


Fig.  35—3.  Lightning  strikes  the  top  of  the  Empire 
State  Building  in  New  York  City.  A large  lightning 
rod  at  the  top  of  the  building  conducts  the  charge 
down  to  the  steel  frame  of  the  building  through 
which  it  runs  off  harmlessly  into  the  ground.  This 
building  projects  so  far  above  surrounding  buildings 
that  it  is  often  struck  during  thunderstorms. 

sharp  point,  attached  to  a flat  band  of  copper 
that  runs  down  the  side  of  the  building  as 
shown  in  Fig.  35-5.  Connected  to  the  copper 
strap  is  a copper  plate  that  is  buried  in  the 
ground. 

The  Cause  of  Lightning.  The  tremendous 
amounts  of  electric  charge  which  cause  light- 
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ning  flashes  in  thunderstorms  are  probably 
produced  by  friction.  Usually  the  top  of  a 
thundercloud  is  positively  charged  and  the 
bottom  is  negatively  charged.  The  exact  man- 


ner in  which  the  bottom  of  a thundercloud 
becomes  heavily  charged  with  electrons  is  not 
well  understood,  i^wever.  it  is  probably  the 
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Fig.  35—4.  Two  murals  depicting  Benjamin  Franklin's  famous  kite  experiment  in  which  he 
showed  that  lightning  is  a form  of  electricity. 
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updrafts  and  downdrafts  in  a cumulonim^is 
cloud.  Large  drops  of  water  are  broken  up 
into  smaller  ones  by  these  air  currents,  and 
at  the  same  time  electrons  are  lost  by  some 
droplets  and  gained  by  others. 

When  a positively  charged  cloud  drifts 

close  enough  to  a negatively  charged  cloud, 

the  air  suddenly  becomes  a conductor  and  a 

flash  of  lightning  takes  place  between  the 

clouds.  The  thunder  is  caused  by  the  sudden 
expansion  of  the  air,  heated  intensely  by  thfi 
large  flow  of  electricity.  This  sudden  expan- 

sion sends  out  a sound  wave  that  we  hear  as 
a clap  of  thunder. 

Ligh+ning  Rod 


Fig.  35—5.  A barn  protected  by  lightning  rods. 

Sometimes  a negatively  charged  cloi^ 
comes  so  close  to  the  ground  that  a lightning 
flash  takes  place  between  the  eloud  and  the 
earth.  The  negatively  charged  cloud  induces 
a_j^itwe_charg^  on  olyects  projecting^  aboY.e 
the  earth  by  repelling  electrons  from  tJiQse 
objects  into  the  earth.  ^ If  the  induced  posi- 
tive charge  becomes  large  enough,  a sudden 
flash  of  lightning  from  cloud  to  ground  dis- 
charges the  cloud. 

If  a heavily  eharged  thundercloud  passes 
close  over  a building  protected  by  a lightning 
rod,  the  charge  leaks  off  slowly  to  the  ground 
through  the  sharp  point,  and  the  chance  of 
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a sudden  direct  flash  of  lightning  to  the  build- 
ing is  greatly  reduced. 

This  function  of  the  lightning  rod  explains 
why  it  is  dangerous  to  take  shelter  under  a 
lone  tree  during  a thunderstorm.  The  tree, 
which  projects  well  above  its  surroundings,  is 
likely  to  be  struck  by  lightning.  Unlike  a 
copper  lightning  rod,  the  tree  is  a poor  con- 
ductor. The  electricity  might  therefore  jump 
from  the  tree  to  a person  standing  close  by 
and  kill  him.  It  is  much  safer  to  seek  shelter 
in  a building  than  under  a tall  tree. 


Fig.  35—6.  A low-hanging  negatively  charged  cloud 
induces  a positive  charge  in  objects  on  the  ground. 

The  Van  de  Graaff  Generator.  Man  eannot 

make  use  of  natural  lightning  because  it  is 
uncontrollable  and  too  dangerous.  However, 
various  types  of  machines  capable  of  produe- 
ing  artificial  lightning  have  been  built.  These 
maehines  can  be  safely  used  in  finding  out 
more  about  the  properties  of  lightning.  One 
such  machine,  the  Van  de  Graaff  generator, 
consists  of  two  large  metal  spheres  supported 
on  hollow  insulating  columns.  As  shown  in 
Fig.  35-7B,  each  column  contains  a belt 
running  over  pulleys  in  the  base  and  in  the 
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hollow  spheres.  These  belts  are  driven  by 
electric  motors.  In  one  column,  electrons,  sup- 
plied at  the  base,  are  carried  by  a belt  to  one 


Courtesy  Massachusetts  Institute  of  Technology 


Fig.  35— 7A.  A huge  Van  de  Graaff  generator  built 
for  bombardment  of  atomic  nuclei  at  a potential  of 
more  than  two  million  volts. 

« 

of  the  spheres,  which  is  therefore  charged  neg- 
atively. In  the  other  column,  electrons  are 
carried  away  from  the  sphere,  leaving  it 
charged  positively.  If  the  spheres  become 

THINGS  TO 

All  atoms  contain  protons  and  electrons. 

An  electron  is  the  smallest  particle  of  matter 
and  has  a negative  charge. 

A proton,  though  very  small,  is  about  1,800 
times  as  heavy  as  an  electron  and  has  a positive 
charge. 

Most  atoms  are  electrically  neutral;  they  con- 
tain equal  numbers  of  protons  and  electrons. 

Like  charges  repel  each  other;  unlike  charges 
attract 
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charged  to  a sufficiently  high  voltage,  a dis- 
charge in  the  form  of  a flash  of  artificial 
lightning  takes  place  between  them.  Van  de 


Fig.  35— 7B.  Diagram  of  one  element  of  a Van  de 
Graaff  generator  showing  how  it  is  charged  nega- 
tively. 


Graaff  generators  are  often  used  to  provide 
extremely  high  voltages  for  large  X-ray  ma- 
chines and  for  the  apparatus  used  in  the  study 
of  the  nucleus  of  the  atom. 


REMEMBER  

A conductor  is  a substance  in  which  electrons 
can  move  about  easily  from  one  atom  to  another. 

Metals  are  good  conductors  of  electricity. 

An  insulator  is  a substance  in  which  the  elec- 
trons cannot  move  easily  from  one  atom  to  an- 
other. 

Glass,  sulfur,  rubber,  Bakelite,  and  plastics 
are  good  insulators, 
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1.  What  did  Benjamin  Franklin  prove  with 
his  famous  kite  experiment? 

2.  How  does  a lightning  rod  work? 

3.  How  would  you  obtain:  (a)  a positive 
charge;  (b)  a negative  charge? 

4.  (a)  \\Tat  is  an  electron? 

(b)  What  is  a proton? 

5.  State  the  law  of  charges. 

6.  Name  four  substances  that  are:  (a)  good 
conductors  of  electricity;  (b)  good  insula- 
tors. 

7.  \^^^y  do  gasoline  trucks  often  have  a piece 
of  chain  dragging  on  the  ground? 

8.  What  is  the  cause  of  lightning? 

9.  What  is  the  cause  of  thunder? 

B 

10.  Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

(a)  Protons  are  negatively  charged. 

PROJ 

1.  Constructing  an  Electric  Hoop.  Make  a 
paper  hoop  from  a strip  of  paper  about  11 
inches  long  and  f inch  wide.  Join  the  ends 
with  a little  paste  to  form  the  hoop.  This 
hoop  will  roll  along  and  follow  a charged 
hard-rubber  rod  all  over  a table  top.  The  hoop 
is  attracted  to  the  rod  because  the  negative 
charges  of  the  rod  induce  positive  charges 
in  the  hoop. 

2.  Photographing  Lightning.  Excellent  photo- 
graphs of  lightning  flashes  may  be  obtained 
during  a thunderstorm  at  night  by  placing  a 
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(b)  An  electron  weighs  only  as  much 
1 oUlJ 

as  a proton. 

■ (c)  Like  charges  attract  and  unlike  charges 

repel. 

(d)  Electrons  move  easily  throughout  an 
insulator. 

'f  (e)  A positive  charge  appears  on  a glass  rod 
when  it  is  rubbed  with  silk. 

(f)  When  a glass  rod  is  rubbed  with  silk, 
protons  are  moved  from  the  silk  to  the 
rod. 

1 1 . Describe  exactly  what  happens  when  a glass 
rod  is  rubbed  with  silk,  and  when  a hard 
rubber  rod  is  rubbed  with  fur. 

12.  Describe  an  experiment  that  would  prove 
that  like  charges  repel  and  unlike  charges 
attract. 

13.  Describe  exactly  what  happens  before  and 
during  a lightning  flash  between  a cloud 
and  the  ground. 

14.  H ow  do  clouds  become  charged?  

15.  Describe  the  construction  and  operation  of ) 
a Van  de  Graaff  generator.^ 

CTS 

camera  in  the  open  window  of  a dark  room 
so  that  it  faces  an  unobstructed  portion  of 
the  sky  and  horizon.  There  should  be  no 
nearby  sources  of  light,  such  as  street  lights 
outdoors.  Set  the  camera  at  time  exposure 
and  leave  it  exposed  until  any  desired  number 
of  lightning  flashes  have  been  observed. 

When  the  film  is  developed,  there  should 
be  several  interesting  flashes  visible.  Many 
important  facts  about  lightning  have  been 
discovered  by  pictures  taken  in  a similar 
manner. 


chapter 
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Although  electricity  is  indispensable  in 
modern  civilization,  that  which  results  from 
friction  is  of  little  practical  value.  And  all 
attempts  to  store  and  use  the  electricity  pro- 
duced in  lightning  flashos  have  failed.  Since 
the  days  of  Benjamin  Ftanklin  scientists  have 
tried  to  obtain  electricity  in  a convenient  and 
practical  form.  Two  devices  have  been  de- 
veloped that  are  now  used  almost  universally 
as  sources  of  electricity.  The  generator,  or 
dynamo,  which  utilizes  a^agnetic  fieli)is  dis- 
cussed in  Chapter  38.  The  electric  cell,  or 
battery,  generates  electricity  by  chemical  ac- 
ti^.  It  is  used  in  flashlights,  automobiles,  air- 
planes, and  portable  radios. 

The  first  electric  cell  was  made  by  Galvani, 
an  Italian  scientist,  in  the  18th  century.  Since 
that  time  electric  cells  have  been  greatly  im- 
proved. We  now  have  two  convenient  and 
efEcient  electric  cells.  One  is  the  dry  cell;  the 
other,  which  contains  a liquid,  is  commonly 
called  the  storage  cell. 


which  wires  may  be  connected.  One  terminal 
is  fastened  to  the  carbon  rod;  it  is  called  the 
positive  terminal  because  the  current  flows 
from  it.  The  other  terminal  is  attached  to 
the  zinc  container;  it  is  called  the  negative 
terminal  because  the  current  flows  into  it. 


CNIPeOARO  JACKET 


Dry  Cells.  Dry  cells  are  made  in  various  sizes 
and  shapes,  but  all  are  constructed  in  a simi- 
lar manner  and  contain  the  same  materials. 
A dry  cell  is  shown  in  Fig.  36-1.  It  contains 
a central  rod  of  carbon  surrounded  by  a damp 
paste  of  ammonium  chloride  mixed  with  clay, 
graphite,  and  manganese  dioxide.  This  mix- 
ture is  held  in  a cylindrical  zinc  container. 
The  top  of  the  cell  is  sealed  to  prevent  the 
damp  mixture  from  drying  out.  There  are 
two  screw  terminals,  or  binding  posts,  to 


Courtesy  National  Carbon  Co, 
Fig.  36—1.  A cross-section  view  of  a dry  cell. 

This  is  the  conventional  way  of  stating  the 
direction  of  current.  Before  electrons  were 
discovered,  scientists  believed  that  an  electric 
current  was  a flow  of  positive  charges  from 
the  positive  to  the  negative  terminal.  Though 
we  now  know  that  current  is  a flow  of  elec- 
trons from  the  negative  to  the  positive  termi- 
nal^ we  still  say  that  current  flows  from  the 
positive  to  the  negative  terminal. 
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If  one  end  of  a piece  of  copper  wire  is 
connected  to  the  positive  terminal  and  the 
other  end  to  the  negative  terminal  of  the  cell, 
a chemical  action  takes  place  in  the  cell.  The 
reaction  develops  an  electric  force  called  an 
electromotive  force.  or(vo/^g^that  causes  a 
current  to  flow.  Unlike  the  sudden  and  vio- 
lent surge  of  the  charge  in  a stroke  of  light- 
ning, this  current  is  a steady  flow  of  electrons 
that  will  last  until  the  materials  of  the  cell 
are  used  up.  The  rate  at  which  an  electric 
current  flows  is  measured  in  amt>eres,  named 
after  Ampere,  a famous  French  physicist.  The 
electromotive  force  that  causes  the  current  is 
measured  in  volts,  named  after  Volta,  the 


Electron  Flow 


Fig.  36—2.  Producing  an  electric  current  with  a 
simple  galvanic  cell. 


Italian  scientist  who  improved  Galvani’s  sim- 
ple electric  cell. 

The  common  large  dry  cell  develops  a volt- 
age of  about  1.5  volts  and,  when  new,  will 
give  a maximum  current  of  from  30  to  40 
amperes.  Current  and  voltage  are  measured 
by  electric  meters,  which  are  discussed  later 
in  the  chapter. 

Demonstration  36-1.  To  Produce  an  Electric  Current  by 
a Chemical  Reaction. 

Arrange  a large  glass  jar,  a piece  of  copper,  and 
a piece  of  zinc  as  shown  in  Fig.  36-2.  Almost  fill 
the  jar  with  dilute  sulfuric  acid  and  connect  wires 
from  the  two  metal  plates  to  a galvanometer  and 
switch  as  shown  in  the  diagram.  When  you 
close  the  switch,  a movement  of  the  galvanome- 
ter needle  indicates  an  electric  current. 

In  the  chemical  reaction  that  takes  place 
between  the  zinc  and  the  acid,  electrons  from 
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the  negative  zinc  terminal  are  forced  through 
the  galvanometer  to  the  positive  copper  ter- 
minal. 

Circuits.  As  we  have  already  seen,  it  is 
necessary  to  connect  the  two  terminals  of  a 
cell  with  a piece  of  conducting  wire  in  order 
to  get  a current  from  the  cell.  This  is  true 
of  all  electric  apparatus  that  is  used  with  cells 
and  generators.  There  must  be  a good  con- 
ducting path  from  one  terminal  of  a cell  or 
generator  to  one  terminal  of  the  electric  ap- 
paratus, then  through  the  apparatus  to  its 
other  terminal,  and  back  to  the  other  terminal 
on  the  cell  or  generator.  This  flow  of  elec- 
trons from  cell  to  apparatus  and  back  to  the 
cell  is  called  a circuit. 


Electron  Flow 


Demonstration  36-2.  A Simple  Electric  Circuit. 

Connect  a dry  cell,  a flashlight  bulb,  a small 
socket,  and  a knife  switch  with  insulated  copper 
wire  as  shown  in  the  circuit  in  Fig.  36-3.  Be 
sure  that  all  the  connections  are  tight  and  that 
the  bulb  is  screwed  securely  in  its  socket.  Now 
close  the  switch  and  observe  that  the  bulb  lights 
up. 

Closing  the  switch  completes  the  circuit 
and  allows  the  voltage  of  the  dry  cell  to  force 
a current  around  the  circuit  and  through  the 
bulb,  causing  it  to  light.  If  the  circuit  is 
broken,  the  light  goes  out.  This  can  be  shown 
by  disconnecting  the  wire  at  any  point  in  the 
circuit.  The  switch  is  merely  a convenient 
device  for  making  and  breaking  the  circuit. 

To  simplify  the  drawing  of  electric  circuits, 
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certain  standard  symbols  are  used  for  bat- 
teries, switches,  resistors,  etc.,  in  a schematic 
diagram.  These  symbols  are  shown  in  Fig. 
36-4,  along  with  a schematic  diagram  of  the 
circuit  used  in  Demonstration  36-2. 

Cells  in  Series.  Sometimes  a voltage  greater 
than  the  1.5  volts  provided  by  a single  dry  cell 
is  needed  in  order  to  force  more  eurrent 
through  a circuit.  Voltage  can  be  increased 
if  two  or  more  cells  are  connected  so  that  a 
wire  runs  from  the  positive  terminal  of  one 
cell  to  the  negative  terminal  of  the  next  and 
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Fig.  36—4.  Standard  electric  symbols  and  a sche- 
matic diagram  of  the  simple  electric  circuit  illus- 
trated in  Fig.  36—3. 


SO  on,  as  shown  in  Fig.  36-5.  These  cells  are 
connected  in  series.  The  voltage  prndnred  by 
cells  connected  in  series  is  the  sum  of  the 

voltages  of  the  individual  cells.  Let  us  see 
the  effect  of  connecting  cells  in  this  manner. 

Demonstration  36-3.  Cells  Connected  in  Series. 

Set  up  the  circuit  used  in  the  preceding  dem- 
onstration and  take  particular  note  of  the 
brightness  of  the  light.  Now  connect  two  cells 
in  series  and  notice  that  the  light  is  brighter. 
This  is  due  to  the  fact  that  the  increased  voltage 
forces  a larger  current  through  the  light  bulb. 
With  three  cells  in  series  the  light  will  be 
brighter  still.  (If  more  than  three  cells  are 
used,  the  current  may  burn  out  the  bulb.) 
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A large  number  of  small  cells  connected  in 

series  and  enclosed  in  one  case  as  a single  unit 

form  a battery.  Such  batteries  supply  a high 
voltage.  Those  used  in  portable  radios,  for 
instance,  give  voltages  of  67  volts  or  higher. 

Storage  Batteries.  Dry-cell  batteries  are 
cheap  and  portable,  but  unfortunately  they 
are  not  permanent.  Once  they  have  run 
down,  they  must  be  thrown  away  and  re- 
placed by  new  ones.  Another  type  of  battery, 
called  a storage  battery,  though  heavy  and 
bulky,  has  the  advantage  of  a much  longer 
life.  A storage  battery  can  be  recharged  when 
it  has  run  down,  and  with  good  care  it  will 


Fig.  36—5.  Cells  connected  in  series. 


last  several  years  in  cases  where  dry  cells  would 
have  to  be  replaced  in  a few  weeks  or  even 
days.  Storage  batteries  are  used  in  automo- 
biles, on  railroad  cars,  airplanes,  and  subma- 
rines, to  name  only  a few  of  their  many  uses. 

A simple  storage  cell  (Fig.  36-6)  has  two 
electrodes  (l^d,  negative:  and  lead  dioxide, 
positive)  immersed  in  dilute  sulfuric  acid.  In 
an  automobile  battery  the  electrodes  and  the 
acid  are  enclosed  in  a hard  rubber  case.  The 
electrodes  are  made  in  the  form  of  interlock- 
ing plates  and  are  kept  apart  by  insulating 
separators.  The  plates  and  separators  occupy 
the  whole  case  except  for  the  space  between 
them,  which  is  filled  with  sulfuric  acid.  In 
most  automobile  batteries  three  cells  are  con- 
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nected  in  series  and  mounted  in  a single  case. 
Each  cell  provides(T~voltg>  and  the  battery 
therefore  gives  6 volts. 

As  the  battery  is  used,  or  discharged,  the 
resulting  chemical  reaction  deposits  lead  sul- 
fate_on  both  electrodes,  thus  decreasing  the 
concentration  of  sulfuric  acid.  When  too 
much  lead  sulfate  has  been  deposited  on  the 
plates,  the  battery  becomes  weak  and  must  be 
recharged. 

A storage  batter>^  is  charged  by  passing  cur- 

rent through  it  in  the  direction  opposite  to 
that  in  which  it  normally  flows  through  the 

cell.  In  an  automobile  this  is  done  automati- 
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Fig.  36—6.  One  cell  of  an  automobile  storage  battery 
cut  away  to  show  its  construction. 


cally  by  the  car  generator  whenever  the  motor 
is  running  above  a certain  speed.  The  battery 
therefore  needs  no  attention  except  that  dis- 
tilled water  must  be  added  occasionally  to  re- 
place the  water  lost  by  evaporation. 

Resistance.  We  have,  already  discussed  the 
difference  between  conductors  and  insulators. 
Let  us  now  see  how  conductors  and  insulators 
function  in  electric  circuits.  A good  insulator, 
such  as  Bakelite,  cannot  be  used  to  connect 
the  different  parts  of  an  electric  circuit,  since 
it  would  offer  so  much  resistance  to  the  flow 
of  electrons  that  little  or  no  current  would 
flow.  Even  copper  wire,  which  is  a good  con- 


ductor, however,  impedes  the  flow  of  current 
slightly. 

The  resistance  of  any  conductor  depends 
upon  its  length;  the  longer  Jth&  .wire,  the 
greater  is  its  resistance.  Thus  a wire  10  miles 
long,  such  as  might  be  used  on  an  electric 
power  line,  has  a resistance  10  X 5,280  or  52,- 
800  times  as  great  as  the  resistance  of  one  foot 
of  the  same  wire.  Long  wires  that  carry  a heavy 
current  are  usually  of  large  diameter  since  ths 
resistance  of  a conductor  decreases  as  the  area 
of  its  cross  section  increases.  Thus  a wire  with 
a cross  section  of  % square  inch  has  a resist- 
ance that  is  %oo  that  of  the  same  length  wire 
whose  cross-section  area  is  14oo  square  inch. 

If  the  current  flowing  through  a circuit  is 
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Fig.  36—7.  A rheostat  or  variable  resistor. 


to  be  reduced,  a long  length  of  fine  resistance 
wire  (usually  a metal  that  is  a relatively  poor 
conductor)  can  be  connected  in  series  in 
the  cireuit.  Such  a device  is  called  a resistor. 
If  the  wire  can  be  varied  in  length  and  hence 
in  resistance,  it  is  called  a variable  resistor,  or 
rheostat. 

"The  unit  of  resistance  is  the  ohm,  named 
after  the  German  scientist  Ohm.  The  resist- 
ance of  an  ordinary  60-watt  electric  bulb  is 
about  200  ohms. 

Demonstrafion  36-4.  To  Vary  the  Current  in  a Circuit. 

Connect  the  circuit  used  in  Demonstration 
36-3,  using  two  cells,  but  place  a rheostat  in 
series  in  the  circuit  between  the  battery  and  the 
light-bulb  socket.  Close  the  switch  and  ob- 
serve  the  effect  of  varying  the  resistance  of  the 
rheostat. 
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If  the  sliding  contact  on  the  rheostat  is 
moved  to  a position  such  that  the  current 
must  flow  through  the  whole  of  the  rheostat 
coil,  the  bulb  becomes  dimmer.  This  means 
that  the  current  is  decreased.  This  is  what  we 


Fig.  36—8.  Varying  the  current  through  a circuit  by 
means  of  a rheostat. 
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where  I is  the  current  in  amperes,  E is  the  volt- 
age applied  to  the  circuit,  and  R is  the  total 
resistance  in  the  circuit. 

Let  us  use  Ohm’s  Law  to  calculate,  for  ex- 
ample, the  current  that  flows  in  a circuit  (Fig. 
36-9)  consisting  of  two  dry  cells  connected  in 
series  and  a flashlight  bulb  whose  resistance  is 
10  ohms.  The  two  cells  supply  a voltage  of  3 
volts,  so  that  the  current  flowing  around  the 
circuit  and  through  the  bulb  is 


or,  I = 0.3  amperes 


might  expect,  since  the  length  of  coil  through 
which  the  current  flows  is  increased. 

Ohm's  Law.  You  have  already  learned  that 
increasing  the  voltage  applied  to  a circuit  in- 
creases the  current  and  that  increasing  the 
resistance  decreases  the  current.  The  relation- 

E 

3 VOLTS 


Fig.  36—10.  How  an  ammeter  is  connected  in  a 
simple  circuit  to  measure  the  current. 
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Fig.  36—9.  The  current  in  this  circuit  is  determined 
by  Ohm's  Law. 


ship  of  these  three  quantities— current,  volt- 
age, and  resistance — is  expressed  in  an  equa- 
tion called  Ohm’s  Law,  which  states  that  the 
current  jiowins.  in  a circuit  is  directly  propor- 

tional to  the  applied  voltaB.e  and  inversely  pro- 
bortional  to  the  resistance  in  the  circuit.  This 
law  may  be  written  as  an  algebraic  equation; 


Ammeters  and  Voltmeters. 

an  instrument  that  measures 
a circuit.  The  current  is  the  same  at  all  points 
injiJ^li^s  circuit,  so  the  ammeter  may  be  in- 
serted anywhere,  but  the  positive  terminal 
must  be  connected  to  the  jbqsi£im,side-J3>f  Jhe 
circuit.  Fig.  36-10  shows  how  an  ammeter  is 
connected  in  a circuit  with  a 4-ohm  resistor 
and  a battery. 

A voltmeter  measures  the  drop  in  voltage 
between  the  points  to  which  it  is  connected. 
Let  us  suppose  that  a current  of  2 amperes,  for 
example,  flows  through  the  resistance  and  that 
we  wish  to  measure  the  voltage  that  forces  it 
through  this  resistance.  We  place  th£  volt- 
meter across  the  resistance,  as~  shown  in  Fig. 
36-11,  with  its  positive  terminal  connected  to 
the  positive  side  of  the  circuit. 


An^mmetei^  is 
the  current  in 
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Fig.  36—11.  How  a voltmeter  is  connected  across 
the  resistance  to  measure  the  voltage  drop  across  it. 

Let  us  now  examine  the  voltage  and  the  cur- 
rent in  different  parts  of  the  circuit  we  used  in 
Demonstration  36-4. 

Demonstration  36-5.  Current  in  a Series  Circuit. 

Connect  two  dry  cells,  a flashlight  bulb, 
switch,  rheostat,  and  ammeter  in  the  circuit 
shown  in  Fig.  36-12.  Close  the  switch  and  re- 
cord the  reading  of  the  meter.  Now  connect 


the  ammeter  on  the  other  side  of  the  rheostat  as 
shown  in  Fig.  36-13,  close  the  switch,  and  read 
the  meter  again.  Now  change  the  setting  of  the 
rheostat  and  note  that  as  the  total  resistance  in 
the  circuit  is  increased,  the  current  is  decreased 
as  we  would  expect  from  Ohm’s  Law. 

Notice  that,  in  the  first  part  of  this  demon- 
stration, the  ammeter  read  the  same  regardless 
of  where  it  was  connected  in  the  circuit.  This, 
too,  is  what  we  would  expect,  since  as  many 


Fig.  36—13.  If  the  position  of  the  ammeter  in  a 
series  circuit  is  changed,  it  indicates  the  same  cur- 
rent. The  current  at  all  points  in  a series  circuit  is 
the  same. 

electrons  flow  out  of  the  rheostat  at  one  end 
as  flow  in  at  the  other  end;  they  cannot 
pile  up  inside.  At  all  points  in  the  circuit  the 
current  is  the  same.  In  fact,  there  are  no  more 
electrons  in  the  wire  when  the  switch  is  closed 
than  when  the  switch  is  open.  When  we  close 
the  switch  we  merely  provide  a conducting 
path  so  that  the  electrons,  which  are  always  in 
the  wires  and  apparatus,  may  be  set  in  motion 
by  the  voltage  of  the  battery. 

Although  electrical  apparatus  is  not  usually 
connected  in  series  for  reasons  that  will  be  dis- 
cussed later  in  this  chapter,  many  of  the  strings 
of  colored  lights  used  on  Christmas  trees  are 
connected  in  this  way,  as  shown  in  Fig.  36-14. 


Fig.  36—14.  Some  Christmas  tree  lights  are  con- 
nected in  series. 

One  of  the  disadvantages  of  series  circuits  can 
be  seen  by  examining  the  diagram.  If  one 
bulb  in  the  string  burns  out,  the  circuit  is 
opened  and  all  the  lights  go  out.  Each  bulb 
must  then  be  tested  separately  to  find  the  bad 
one. 
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Demonstration  36-6.  Voltages  and  Resistance  in  a 
Series  Circuit. 

Using  the  circuit  of  Demonstration  36-5,  with 
the  rheostat  set  at  about  half  value,  connect  the 
voltmeter  across  the  battery  as  shown  in  Fig. 
36-15.  Read  the  voltmeter  and  the  ammeter, 
and  use  Ohm’s  Law  to  calculate  the  total  resist- 
ance in  the  circuit. 


Fig.  36—15.  Measuring  the  voltage  provided  by  a 
battery  in  a series  circuit. 

Connect  the  voltmeter  across  the  light  as 
shown  in  Fig.  36-16  and  use  its  reading  and  the 
ammeter  reading  to  calculate  the  resistance  of 
the  light.  Then  connect  the  voltmeter  across  the 
rheostat  and  in  a similar  way  find  its  resistance. 


Fig.  36—16.  Measuring  the  voltage  drop  across  a 
light  in  a series  circuit. 

From  the  data  obtained  in  this  experiment 
you  should  find  that  in  this  eireuit  (a  series 
circuit)  two  laws  hold  true:  (1)  The  voltage 
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supplied  to  the  circuit  by  the  battery  is  equal 
to  the  sum  of  the  voltage  drops  around  the 
circuit;  and  (2)  the  total  resistance  of  the 
circuit  is  equal  to  the  sum  of  the  individual 
resistances. 

— WWW\/ — 

VWWVv 
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Fig.  36—17.  Resistors  connected  in  parallel. 

Parallel  Circuiis.  If  several  resistors  are  con- 
nected in  series,  the  total  resistance  is  equal  to 
the  sum  of  all  the  resistors.  Thus,  if  three  re- 
sistors whose  resistances  are  4,  6,  and  5 ohms 
are  connected  in  a^ene^  their  total  resistance 
is  15  ohms.  If  resistors  are  connected  in  paral- 
lel, however,  as  in  Fig.  36-17,  their  total  re- 


LIGHT  SWITCH 


Fig.  36—18.  A simplified  diagram  of  an  automobile 
electric  system. 


sistance  will  be  less  than  that  of  the  smallest 
resistor.  This  is  so  because  several  paths  are 
provided  for  the  flow  of  current. 

An  Automobile  Circuit.  Fig.  36-18  shows 
in  simplified  form  the  electrical  circuit  of  an 
automobile.  You  will  notice  that  the  lights, 
radio,  heater,  and  ignition  are  connected  in  a 
parallel  circuit  to  the  car  battery.  The  am- 
meter is  placed  between  the  battery  and  all  the 
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rest  of  the  apparatus  so  that  it  measures  the 
total  current  being  drawn.  The  ammeter  will 
swing  toward  “discharge”  when  the  ignition  is 
turned  on  and  current  is  drawn  by  the  ignition 
coil.  When  the  light  switch  is  closed,  cur- 
rent flows  through  the  headlights  and  the  am- 
meter shows  a greater  total  discharge  current 
since  an  additional  path  for  current  has  been 
provided  through  the  lights. 

In  a later  chapter  we  shall  see  that  the  lights 
and  appliances  in  a house-wiring  circuit  are 
always  connected  in  parallel. 

Celts  in  Parallel.  If  all  the  positive  terminals 
of  a group  of  cells  are  connected  and  a^ljhe 
negative  terminals  are  connected,  as  shown  in 
Fig.  36-19,  the  cells. are  said  to  be  in  parallel,. 
The  voltage  of  a group  of  cells  m parallel  is 

. /C  /lAu 


the  same  as  for  a single  cell,  but  since  each  cell 
supplies  only  a fraction  of  the  total  current, 
the  battery  will  last  longer 
than  a single  cell.  Batteries 
in  parallel  are  sometimes 
useful  in  starting  an  auto- 
mobile. On  a cold  day  the 
grease  and  oil  may  be  so  stiff 
that  the  car  battery  may  be 
unable  to  provide  enough 
current  to  start  the  car.  A 
second  battery,  connected  in 
parallel  to  the  first,  will  usu- 
ally provide  enough  addi- 
tional current  to  start  the 
engine;  it  can  be  discon- 
nected once  the  engine  is 
running. 
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Fig.  36—19.  Cells 
connected  in  paral- 
lel. 
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GS  TO  REMEMBER 


I’he  strength  of  an  electric  current  is  measured 
\n  amperes. 

Voltage  is  measured  in  volts. 

A large  voltage  may  be  obtained  by  connecting 
several  cells  in  series  to  make  a battery. 

A battery  consisting  of  cells  connected  in 
^paraHel  gives  the  same  voltage  as  a single  cell 
But  h^  a longer  life. 

Electrical  resistance  is  measured  in  ohms. 


The  resistance  of  a wire  increases  as  its  length 
increases. 

The  resistance  of  a wire  decreases  as  the  area 
of  its  cross  section  increases. 

Ohm’s  Law  states; 


or 


Current  (amperes) 


Voltage  (volts) 
Resistance  (ohms) 


/I.  State  Ohm's  Law. 

c/2.  Draw  the  electrical  symbol  for  each  of  the 
following:  (a)  cell;  (b)  resistor;  (c)  volt- 
meter; (d)  wires  crossing,  but  not  con- 
nected; (e)  light  bulb. 

^3.  What  is  the  purpose  of  an  electric  cell? 

4,  Show  by  a diagram  how  a rheostat  may  be 
connected  in  a circuit  to  control  the  current 
^ through  a light  bulb. 

^ 5.  Describe  the  construction  of  a rheostat. 

^^6.  Describe  the  construction  of  a dry  cell. 

7.  How  is  an  ammeter  connected  in  a circuit? 

8.  How  is  a voltmeter  connected  in  a circuit? 


STI 0 NS 

9.  Describe  the  construction  of  a storage  bat- 
tery. 

10.  What  is  meant  by  the  terms  (a)  ampere; 
(b)  volt;  (c)  ohm? 

n . A 4-ohm,  a 6-ohm,  and  a 1 2-ohm  resistor 
are  connected  in  series.  What  is  their  total 
resistance? 

B 

12.  A 1.5-volt  dry  cell  is  connected  in  a circuit 

with  a 20-ohm  light  bulb.  What  current 
flows  through  the  bulb?  , 

13.  Two  1.5-volt  dry  cells  are  connected  in 
series  to  a light  bulb.  An  ammeter  placed 
in  the  circuit  shows  a current  of  0.25  am- 
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peres.  What  is  the  resistance  of  the  light 
bulb? 

14.  A battery  forces  a current  of  2 amperes 
through  an  electric  bell  whose  resistance  is 
5 ohms.  What  voltage  does  the  battery 
give? 

15.  Draw  the  electrical  symbol  for  each  of  the 
following:  (a)  three  cells  in  series;  (b) 
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rheostat;  (c)  switch;  (d)  three  cells  in 
parallel;  (e)  light  bulb. 

16.  Two  resistors  in  series  are  connected  to  a 
3-volt  battery.  An  ammeter  in  the  circuit 
reads  0.5  amperes,  and  a voltmeter  con- 
nected across  one  resistor  reads  1.0  volt. 
What  is  the  resistance  of  the  other  resistor? 


PROJECTS 


1.  Examining  a Dry  Cell  Get  a worn-out 
radio  B battery  from  a radio  shop  and  take  it 
apart.  Examine  the  construction  of  a single 
cell  and  determine  how  the  cells  are  con- 
nected. Are  they  in  series  or  parallel  or  in  a 
combination  of  series  and  parallel? 

2.  Controlling  a Light  with  Double-Throw 
Switches.  Connect  two  double-pole,  double- 
throw switches  with  a battery  and  a light 
bulb  as  shown  in  Fig.  36-20.  This  circuit  is 
the  kind  that  is  used  to  control  a stairway 
light  so  that  the  light  may  be  turned  on  and 
off  from  either  the  bottom  or  the  top  of  the 
stairs.  Each  switch  controls  the  light  inde- 
pendently of  the  position  of  the  other.  Can 


you  devise  a switching  method  that  would 
control  the  light  in  the  same  way  from  three 
different  positions? 


Fig.  36—20.  Two  switches  controlling  one  light. 


MAGNETISM 


Chapter 


In  1831  an  English  scientist,  Michael  Fara- 
(^y,  disco\’ered  the  scientifie  prineiple  known 
as  electromagnetic  induction.  It  proved  to  be 
one  of  the  most  important  discoveries  of  the 
19th  century,  for  it  led  to  the  invention  of  the 
electrie  generator  by  which  the  energy  of  eoal 
is  converted  into  electrical  energy.  The  gen- 
erator is  one  of  the  power  maehines  that  has 
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Fig.  37—1.  Michael  Faraday  (1791—1867),  whose 
discovery  of  electromagnetic  induction  led  to  the 
invention  of  the  electric  generator. 


made  possible  our  present  industrial  civiliza- 
tion. This  machine  depends  on  the  magnetic 
effect  of  an  electric  current.  Before  deseribing 
it,  therefore,  let  us  review  some  of  the  elemen- 
tary faets  about  magnetism. 

Magnets.  Magnetism  was  discovered  almost 
three  thousand  years  ago.  The  Chinese  found 
that  small  bits  of  iron  would  stick  to  a certain 
type  of  stone  later  called  lodestone.  an  ore  of 
iron  and  the  only  mametic  combound  of  iron. 
Lodestones  were  used  to  make  the  first  mag- 
nets. If  one  end  of  a steel  needle  is  rubbed  on 
a lodestone,  the  needle  becomes  magnetized 
and  is  able  to  pick  up  small  pieces  of  iron. 
Hence,  by  a magnet  we  usually  mean  a mag- 
netized iron  or  steel  bar;  that  is,  a bar  that  will 
attract  and  pick  up  nails  or  other  pieces  of 
magnetic  material.  Only  a few  substances  can 
be  magnetized.  These  include  iron  and  steel. 
nickel,  cobalt,  and  certain  alloys  of  these 
metals.  pHnic^  for  example,  an  iallov  of  iron, 
aluminum.  nickeL  and  cobalt,  is  one  of  the 
strongest  magnetic  materials  known. 

If  we  place  a magnet  on  a cork  floating  on 
water,  we  notice  that  the  magnet  turns  so  that 
one  end  of  it  points  toward  the  north.  If  we 
mark  this  end  with  a piece  of  chalk  and  set  the 
magnet  in  a different  direetion,  we  observe 
that  as  soon  as  it  is  free  to  move,  it  again  turns 
to  the  north.  The  end  that  seeks  the  north  is 
called  the  north  bole  of  the  magnet;  the  other 
end  is  called  the  south  pole.  All  magnets  have 
a north  and  a south  pole. 
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A magnet  that  indicates  north-and-soiith 

directions  is  called  a compass.  The  first  com- 
pass used  by  sailors  was  the  floating  type  de- 
scribed above.  Another  interesting  thing  about 
magnets  is  that  magnetie  poles  affect  each 
other  as  shown  by  the  following  demonstra- 
tion. 

Demonstration  37-1.  Magnetic  Attraction  and  Repulsion. 

Arrange  two  compasses  some  distanee  apart. 
When  they  have  stopped  swinging,  lift  one  off 
its  pivot  and  bring  its  north  pole  near  the  north 
pole  of  the  other  eompass.  Notiee  that  the  north 
poles  push  eaeh  other  away.  Now  bring  the 
south  poles  together  and  note  that  the  south 
poles  also  push  each  other  away.  Then  bring  the 
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Fig.  37—2.  Like  magnetic  poles  repel  each  other. 

north  pole  of  one  compass  toward  the  south  pole 
of  the  other  and  notice  that  these  poles  attract 
each  other. 

From  this  demonstration  we  ean  discover 
an  important  magnetic  law.  How  would  you 
summarize  your  observations?  Actually  we 
state  the  law  briefly:  Unlike  poles  attractdike 
poles  repel.  Notice  that  this  law  is  similar  to 
the  law  of  electric  charges  that  was  stated  in 
Chapter  35. 

Magnetic  Fields.  If  a small  eompass  is 
placed  near  a magnet,  it  will  be  deflected  from 
its  normal  north-south  direction.  Fig.  37-3 
shows  how  a compass  points  when  placed  in 
different  positions  close  to  a magnet.  It  is 
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often  important  to  know  in  what  direetion  the 
magnetie  force  acts.  Fig.  37-4  gives  this  infor- 
mation for  a straight  bar  magnet.  The  long 
curved  lines  between  the  two  poles  are  ealled 
magnetic  lines  of  force;  all  the  magnetie  lines 
together  constitute  the  magnetic  field  of  the 


Fig.  37—3.  The  direction  in  which  small  compasses 
will  point  when  at  different  places  close  to  a bar 
magnet. 


magnet.  If  a small  eompass  is  placed  close  to 
the  magnet,  it  will  point  along  the  line  of 
force  where  the  center  of  the  needle  is  located^ 

as  shown  by  eomparing  Figs.  37-3  and  37-4 
Hence  these  lines  of  force  show  the  direetion 
in  which  the  magnetic  force  of  the  magnet 


Fig.  37—4.  Field  about  a bar  magnet. 


acts  at  any  point  in  the  field.  This  field  can 
be  checked  more  carefully  by  the  following 
demonstration. 

Demonstration  37-2.  The  Magnetic  Field  About  a Bar 
Magnet. 

Sprinkle  iron  filings  as  evenly  as  possible  over 
a large  piece  of  cardboard  or  glass.  Carefully 
place  the  cardboard  over  a bar  magnet  and  tap  it 
gently.  You  will  see  the  filings  arrange  them- 
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selves  in  long  ridges  resembling  th( 
magnetie  foree  in  the  field  about  a bar 
shown  in  Figure  37-4. 

Repeat  this  procedure  using  a horseshoe  mag- 
net or  two  bar  magnets  arranged  first  with  like 
poles  about  an  inch  apart  and  then  with  unlike 
poles  about  an  inch  apart.  You  will  notice  that  in 
every  case  the  lines  go  from  a north  pole  to  a 
south  pole,  never  from  a north  pole  to  a north 
pole  or  from  a south  pole  to  a south  pole. 

The  Earth  as  a Magnet.  Not  all  magnets, 
however,  are  in  the  shape  of  a bar  or  a horse- 
shoe. The  earth,  for  example,  is  spherical;  yet 
it  is  a large  magnet.  Scientists  cannot  satisfac- 
torily explain  why  the  earth  is  magnetized. 
It  behaves  like  a bar  magnet  w[th  osouth  ma^- 


- liii^f 
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Fig.  37—5.  Iron  filings  show  the  magnetic  field  be- 
tween unlike  poles  of  two  bar  magnets. 

netic  pole  in  the  Arctic  close  to  the  geographi- 
cal North  Pole,  and  a north  magnetic  pole  in 
the  Antarctic.  This  is  understandable  if  we 
consider  the  law  of  magnetic  poles.  The  pole 
of  a compass  that  points  toward  the  Arctic 
is  called  the  north  magnetic  pole;  therefore, 
the  pole  in  the  Arctic  must  be  a south  mag- 
netic pole.  Fig.  37-6  shows  the  earth  as  a 
magnet.  Lines  of  force  start  at  one  pole  and 
end  at  the  other.  These  constitute  the  mag- 
netic field  of  the  earth.  The  north  pole  of  a 
compass  will  therefore  point  in  the  direction 
of  the  arrow  on  the  line. 

Magnetic  fields  are  not  limited  to  magnets, 
however.  They  are  always  present  around 
electric  currents,  as  shown  by  the  following 
demonstration. 


/ 

Fig.  37—6.  The  earth  as  a magnet. 

Demonstration  37-3.  Magnetic  Field  About  a Current. 

Arrange  a battery,  a switch,  and  a wire  about 
six  feet  long  as  shown  in  Fig.  37-7.  Place  a 
compass  near  the  wire  and  hold  the  wire  paral- 
lel to  and  above  the  compass  needle.  Close  the 
switch  and  notice  that  as  soon  as  the  current 
flows  the  needle  is  deflected.  What  does  this 
indicate? 

Now  hold  the  wire  under  the  compass  and 
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close  the  switch.  Notice  that  this  time  the  de- 
flection is  in  the  opposite  direction.  What  does 
this  indicate? 

This  demonstration  shows  that  there  is  a 
magnetic  eftect,  or  a magnetic  field  around  an 

electric  current.  The  field  is  a series  of  con- 
centric circles  about  the  wire,  as  shown  in  Fig. 
37-8  [a).  If  in  the  above  demonstration  the 


(a) 


(b) 

Fig.  37—8.  The  direction  of  a magnetic  field  about 
an  electric  current  carried  in  a wire. 

current  is  reversed  by  reversing  the  connec- 
tions of  the  wires  to  the  battery,  we  find  that 
the  deflection  of  the  needle  is  also  reversed. 
This  can  only  mean  that  the  magnetic  field 
is  reversed,  as  shown  in  (b). 

Electromagnets.  An  electromagnet,  unlike 
the  permanent  magnet  used  in  compasses, 
can  be  made  to  lose  or  gain  magnetism  at  will. 
Let  us  make  an  electromagnet  and  discover 
some  of  its  properties. 


Fig.  37—9.  Circuit  of  an  electromagnet. 

Demonstration  37-4.  To  Make  an  Electromagnet. 

Wind  about  fifty  turns  of  insulated  copper 
wire  (No.  18  cotton-covered  bell  wire  is  satisfac- 
tory) around  a large  soft  iron  rod.  Connect  the 
ends  of  this  coil  to  a circuit  containing  a switch 
and  a dry  cell,  as  shown  in  Fig.  37-9.  Hold  the 
end  of  the  rod  over  a few  small  nails  or  bits  of 
iron  and  close  the  switch.  Some  nails  are  at- 
tracted to  the  end  of  the  rod.  Then  open  the 
switch  and  some  of  them  fall  from  the  rod. 

When  a current  flows  through  the  coil, 
therefore,  the  iron  rod  becomes  magnetized 
by  the  magnetic  field  of  the  current,  but  as 
soon  as  the  switch  is  opened  the  rod  loses 
most  of  its  magnetism. 
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Demonstration  37-5.  The  Poles  of  an  Electromagnet. 

Bring  one  end  of  the  rod  near  the  north  pole 
of  a eompass  and  close  the  switch.  If  the  north 
j pole  of  the  compass  is  repelled,  the  near  end  of 
^ the  rod  is,  of  course,  the  north  pole  of  the  elec- 
; tromagnet;  if  it  is  attracted,  this  end  is  the  south 
^ pole  of  the  electromagnet.  Reverse  the  connec- 
‘ tion  to  the  battery  so  that  the  current  flows  in 
the  opposite  direction  and  you  will  find  that  the 
; magnetic  poles  of  the  rod  are  reversed. 


Now  support  a single  nail  from  the  end  of  the 
electromagnet.  Next  support  another  nail  from 
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I!  Fig.  37—1  1.  A large  lifting  magnet  picking  up  850 
; pounds  of  machine  shop  steel  turnings. 

! third  nail  from  the  end  of  the  second,  and  so  on 
’ until  a long  string  of  nails  is  suspended  from 
the  magnet  as  shown  in  Fig.  37-10. 

The  last  nail  on  the  string  is  a long  distance 
: from  the  pole  of  the  electromagnet.  How, 
I then,  is  it  held  up?  It  is  held  because  mag- 
netism is  induced  from  one  nail  to  the  next. 
The  first  nail  becomes  magnetized  by  being 
in  the  magnetic  field  of  the  electromagnet; 
its  polarity  is  shown  in  Fig.  37-10.  The  field 
of  this  nail  then  magnetizes  the  second  nail, 
I and  so  on  down  the  string.  Thus,  a piece  of 
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magnetic  material  which  is  not  normally  a 
magnet  has  become  magnetized  temporarily 
by  magnetic  induction. 

Electromagnets  have  numerous  uses.  Elec- 
tric motors,  bells,  radio  loud-speakers,  tele- 
phones, and  many  other  electrical  appliances 
contain  one  or  more  electromagnets.  Very 
large  electromagnets  are  used  in  some  indus- 
trial plants  for  transporting  from  one  position 
to  another  heavy  iron  objects  such  as  scrap 
iron  and  railroad  rails.  For  this  purpose  the 


Fig.  37—12.  The  circuit  and  construction  of  an 
electric  bell. 


electromagnet  is  usually  attached  to  the  end 
of  a derrick;  a heavy  current  flowing  through 
the  coil  supplies  the  strong  magnetic  field 
needed  for  lifting  (see  Fig.  37-11). 

The  Electric  Bell.  Fig.  37-12  illustrates  the 
construction  and  wiring  of  an  electric  bell. 
The  small  soft  iron  armature,  to  which  the 
clapper  is  fixed,  is  normally  held  in  the  posi- 
tion shown  in  the  diagram  by  the  spring  ac- 
tion of  the  strip  of  spring  steel  that  supports 
it.  When  the  switch  is  closed  (the  button  is 
pushed),  the  current  flows  through  the  coils 
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(energizing  the  magnet),  through  the  contact 
point  at  A on  the  armature,  and  back  to  the 
battery. 

The  instant  the  magnet  is  energized  it  at- 
tracts the  armature  and  pulls  the  clapper 
against  the  bell,  causing  it  to  ring.  At  the 
same  time,  as  soon  as  the  armature  moves 
toward  the  magnet,  the  electric  circuit  is 
broken  at  the  contact  point  A,  and  the  cur- 
rent ceases  to  flow.  The  magnet  thus  loses 

THINGS  TO 

The  north  pole  of  a magnet  points  to  the 
north  when  the  magnet  is  free  to  turn. 

Every  magnet  has  both  a north  and  a south 
pole. 

Like  magnetie  poles  repel  eaeh  other  and  un- 
like poles  attract  each  other. 


A,  State  the  law  of  magnetie  poles. 

'2.  Determine  whieh  of  the  following  state- 
ments are  true  and  whieh  are  false.  Then 
correetly  reword  the  false  ones. 

{a)  The  earth’s  magnetic  pole  in  the  Arc- 
tic is  a south  magnetic  pole. 

(b)  Like  poles  attract,  and  unlike  poles 
repel. 

(c)  The  earth  has  a magnetic  field. 

<^{d)  Electromagnets  are  permanent  mag- 
nets. 

- 3.  What  is  a magnetic  compass? 

. 4.  What  is  a horseshoe  magnet? 

PROJ 

1.  Plotting  the  Magnetic  Field  about  a Bar 
Magnet.  Place  a bar  magnet  on  a large  sheet 
of  paper.  At  one  corner  of  the  north  pole 
place  a small  compass.  Make  a dot  on  the  pa- 
per with  a pencil  as  close  to  the  north  pole  of 
the  compass  as  possible.  Move  the  compass 
until  its  south  pole  is  as  close  as  possible  to 
the  dot  that  previously  marked  its  north  pole 
as  shown  in  Fig.  37-13.  Now  make  another 
dot  close  to  its  north  pole.  Move  the  com- 
pass again  so  that  its  south  pole  points  to  the 
new  dot.  Keep  repeating  this  process  until 
the  compass  has  reached  the  south  pole  of 


most  of  its  magnetism,  and  the  armature 
is  made  to  fly  back  by  its  spring  support. 
Contact  is  made  again  at  A and  the  current 
flows  again.  The  armature  is  again  attracted 
by  the  magnet,  ringing  the  bell,  and  the  proc- 
ess is  repeated,  and  the  bell  continues  to  ring 
as  long  as  the  button  is  pressed.  In  some 
electric  buzzers  (an  electric  bell  without  clap- 
per or  bell)  the  armature  flies  back  and  forth 
several  hundred  times  a second. 

REMEMBER  

A magnetic  compass  is  essentially  a jmall  bar 
magnet  that  is  free  to  rotate. 

A magnetic  field  is  always  present  in  the  region 
of  electric  currents. 

An  electromagnet  consists  of  a coil  of  insulated 
wire  wound  about  a soft  iron  core. 

TIONS 

Describe  an  experiment  that  shows  that  like 
poles  repel  and  unlike  poles  attract. 

B 

'^6.  Why  do  we  say  the  earth  has  a north  mag- 
netic pole  in  the  Antarctic? 

. Draw  a sketch  of  the  field  about  a bar 
magnet. 

8.  Describe  an  experiment  by  which  the  mag- 
netic field  about  a bar  magnet  can  be 
plotted. 

9.  Name  three  kinds  of  electric  devices  that 
use  electromagnets. 

10.  Explain  how  you  would  make  an  electro- 
magnet. 

ECTS 

the  magnet.  Connect  all  the  dots  with  a 
smooth  line.  This  line  should  be  a loop 
similar  to  one  of  the  lines  in  Fig.  37-4 
Obtain  another  line  of  force  in  the  same 
manner,  starting  at  the  other  corner  of  the 

SECOND  DOT^ 

COMPASS-*(^^nRST  DOT 

h s| 


Fig.  37—13.  Plotting  a magnetic  field. 
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north  pole  of  the  magnet.  This  should  give 
you  a similar  loop  on  the  other  side  of  the 
magnet.  Obtain  three  or  four  lines  on  each 
side,  starting  each  line  a little  farther  away 
from  the  pole  and  closer  to  the  center  of 
the  magnet.  Also  trace  a line  starting  from 
the  exact  center  of  each  pole,  using  the  same 
method.  All  these  lines  together  should  give 
a reasonable  reproduction  of  the  magnetic 
field  about  a bar  magnet  as  shown  in  Fig. 
37-5. 


2.  To  Photograph  a Magnetic  Field.  Perma- 
nent pictures  can  be  made  of  the  fields  ob- 
tained with  iron  filings  in  Demonstration 
37-2  by  doing  the  demonstration  in  a dark 
room  and  using  blueprint  paper  instead  of 
cardboard.  After  the  pattern  is  obtained, 
carefully  lift  the  paper  from  the  magnet  so 
as  not  to  disturb  the  pattern,  and  expose  the 
paper  to  the  sunlight  for  about  15  minutes; 
then  wash  it  in  water  and  dry  it.  This  will 
give  a permanent  picture  of  the  field. 
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Chapter 


Eiectromagnef'ic  Induction.  The  discovery 
that  a current  produces  a magnetic  field  gave 
rise  to  a far  more  important  question:  Can 
magnetism  produce  an  electric  current?  As 
already  stated,  Faraday  discovered  that  mag- 
netism can  cause  or  induce  a current  by  elec- 
tromas.netic  induction.  The  following  demon- 
stration is  similar  to  the  one  performed  by 
Faraday  when  he  generated  the  first  electric 
current  by  means  of  a magnetic  field. 


Fig.  38—1.  Inducing  a current  in  a coil  by  means  of 
a moving  magnet. 

Demonstration  38-1.  To  Generate  an  Electric  Current  in 
a Coil  by  Means  of  a Moving  Magnet. 

Make  a coil  of  several  hundred  turns  of  fine 
insulated  wire  on  a cardboard  mailing  tube.  Con- 
nect the  ends  of  the  coil  to  the  terminals  of  a 
galvanometer,  an  instrument  that  shows  the 
presence  of  an  electric  current.  Now  quickly 
thrust  one  end  of  a bar  magnet  in  and  then  out 
of  the  hollow  coil.  What  happens?  Hold  the 
magnet  stationary  inside  the  coil.  Does  the  gal- 
vanometer show  any  electric  current  when  the 
magnet  is  stationary?  Does  the  current  flow  in 
the  same  direction  when  the  magnet  is  pulled 
out  as  when  it  is  pushed  in?  Try  moving  the 


coil  instead  of  the  magnet.  Does  it  make  any 
difference  whether  the  magnet  or  the  coil  is 
moved? 

From  this  experiment  we  may  conclude 
that  a current  is  induced  in  a coil  when  the 
maspetic  Held  in  the  coil  is  chan^in^;  and 
that  the  direction  of  the  current  depends  on 

the  direction  of  the  motion  of  the  magnet  or 

coil.  This  demonstration  also  illustrates  tKe 

essential  features  of  a dynamo,  or  generator. 


Electric  Generators.  An  electric  generator 
is  a machine  that  converts  mechanical  energy 
into  electrical  energy.  It  has  two  main  parts, 
an  armature  and  a mametic  field.  The  arma- 
ture  consists  of  many  coils  of  insulated  wire 

supported  on  a shaft  that  revolves  in  a mag-.^ 

netic  field.  Magnets  are  fixed  to  the  frame 

of  the  generator  and  produce  a magnetic  field 
through  the  armature  coils.  Some  form  of 
mechanical  power,  usually  a steam  turbing, 
is  used  to  turn  the  arinature  aF^High  speed. 


342 


ELECTRIC  POWER 


343 


Fig.  38—3.  A commercial  AC  generator. 


As  it  revoh’es,  its  coils  move  past  the  sta- 
tionan'  field  magnets  and  an  electric  cur- 
rent is  generated  in  the  coils,  just  as  in  the 
coil  of  Demonstration  38-1.  Notiee,  how- 
e^•er,  that  in  this  generator  the  magnets  are 
fixed  and  the  coils  move,  whereas  in  the  d 


demonstration  the  coil  was  fixed  and  the  mag- 
net moved.  The  current  is  led  from  the 
armature  by  carbon  contacts,  called  brushes^ 
and  is  carried  by  wire  to  the  place  where  it  is 
to  be  used.  A simple  generator  of  this  type 
is  shown  in  Fig.  38-2. 

In  large  generators  the  current  is  indueed 
in  fixed  coils  on  the  frame,  called  thedstutoA) 
while  a rotating  field  that  cuts  these  coils  is 
produced  by  sending  a small  current  through 
brushes  to  electromagnets  mounted  on  the 
rotating  shaft,  called  the  rotor.  This  is  done 
because  the  field  current  in  the  rotor  need  be 
only  very  small  and  thus  causes  little  sparking 
and  heat  at  the  brushes.  It  is  obtained  from 
a small  generator  called  an  exciter.  The  cur- 
rent induced  in  fixed  coils,  on  the  other  hand, 
represents  the  total  power  output.  In  a large 
generator  the  current  is  so  great  that,  if  it 
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Fig.  38—4.  A steam-turbine  generator  set.  On  the  extreme  left  is  the  exciter.  Then  comes 
the  large  AC  generator,  and  on  the  right  is  the  steam  turbine.  The  condenser  for  the  turbine 
is  visible  on  the  floor  below,  directly  beneath  the  turbine. 
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were  induced  in  the  rotor,  it  would  produce 
excessive  sparking  and  heat  at  the  brushes, 
and  would  therefore  rapidly  wear  them  away. 

Generators  that  supply  cities  and  factories 
with  light  and  power  are  enormous,  costly,  and 
complicated  machines  (see  Fig.  38-4).  Rotat- 
ing shafts  of  steam  turbines  are  connected 
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Fig.  38—5.  Hydroelectric  power  station  at  Hoover 
Dam.  Four  vertical  16,500  volt  generators,  each 
producing  about  80,000  kilowatts  of  electric  AC 
power  can  be  seen.  The  shafts  of  these  generators 
are  mounted  vertically  and  connected  to  huge  water 
turbines  that  are  beneath  the  floor  and  not  shown  in 
the  picture.  Note  the  large  revolving  field  from  one 
of  these  generators  suspended  from  a crane.  The 
operation  of  the  water  turbines  that  turn  these  gen- 
erator? /s  discussed  in  Chapter  31 . 

directly  to  the  rotating  shafts  of  the  large 
generators.  In  this  way  electrie  energy  is  gen- 
erated from  the  energy  of  burning  coal  that 
drives  the  turbines. 

Every  automobile  has  a small  generator 
that  provides  electricity  for  the  ignition,  lights, 
heater,  and  radio  when  the  engine  is  running. 
The  engine  turns  the  armature  of  the  gener- 
ator, which,  in  turn,  ‘JunDlies  the  current.  The 
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generator  also  recharges  the  storage  battery, 
whieh  supplies  electrieity  to  start  the  motor. 

Electricity  in  Industry.  About  1910  eleetrie- 
ity  became  a major  aid  to  industry.  It  enabled 
faetories  to  use  the  power  of  distant  water- 
falls. Eleetrieity  obtained  when  water  power 
is  used  to  turn  the  rotors  of  large  generators 
is  called  hydroelectric  power.  The  water  flows 
down  pipes  where  it  drives  a water  turbine 
whose  shaft  turns  the  rotor  of  a generator. 

The  tremendous  mechanical  energy  of  the 
water  flowing  over  Niagara  Falls  was  one  of 
the  first  sources  of  water  power  for  the  large- 
scale  production  of  electricity.  In  recent  years 
huge  dams  have  been  built,  and  the  energy 
of  the  stored-up  water  is  used  to  generate 
thousands  of  kilowatts  of  electrie  power. 

There  is  still  much  unused  water  power  in 
the  United  States.  Nearly  every  mountain 
stream  could  be  dammed  up  to  provide  elee- 
tric  power.  But  the  initial  expense  of  build- 
ing a huge  dam  is  large,  whereas  coal  is  a 
comparatively  cheap  source  of  power.  It  is 
therefore  not  always  economical  to  use  water 
power  to  provide  electrical  energy.  Once  a 
dam  is  built,  however,  it  serves  other  purposes 
besides  generating  eleetrieity.  For  instance, 
it  prevents  damage  by  spring  floods;  and  in 
dry  climates  it  provides  irrigation  to  make 
the  land  fertile. 

Mountainous  eountries,  such  as  Switzer- 
land and  Norway,  are  ideal  for  generating 
hydroelectrie  power.  There  eleetrieity  is  abun- 
dant and  cheap. 

Alternating  Current.  The  current  generated 
by  the  type  of  generator  shown  in  Fig.  38-2 
is  an  alternating,  current;  that  is,  a current 
which  flows  first  in  one  direction,  and  then 
reverses  and  flows  in  the  opposite  direction. 
In  the  large  alternating-current  generators, 
called  alternators,  this  process  is  repeated  120 
times  per  second.  To  see  why  such  generators 
produce  an  alternating  current,  let  us  recall 
that  in  Demonstration  38-1  the  direction  of 
the  induced  current  depended  on  the  direc- 
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I tion  of  the  motion  which  caused  that  current. 
The  revolving  rotor  of  a generat®r  has  the 
same  effect,  that  is,  the  direction  of  motion 
. : of  the  wires  in  a single  loop  of  the  armature 
. that  cuts  the  field  produced  by  the  stator, 
! changes  every  half-revolution, 

' Transformers.  A transformer  consists  of  an 
iron  core  on  which  are  wound  two  coils  of 
wire,  called  the  primary  and  the  secondary. 
Usually  the  number  of  turns  on  the  coils  is 
different.  If  the  number  on  the  secondary 
r is  greater  than  that  on  the  primary,  the  trans- 
I former  is  a step-up  transformer.  It  increases 
" the  voltage.  If  the  number  of  turns  on  the 
; secondary  is  less  than  that  on  the  primary,  it 


LAMINATED  IRON 
CORE 


Fig.  38—6.  A step-down  transformer. 


is  a step-down  transformer.  It  reduces  the 
voltage. 

Fig.  38-6  shows  the  construction  of  a trans- 
' former.  When  an  alternating  current  flows 
; in  the  primary,  the  changing  magnetic  field 
i produced  in  the  iron  core  induces  a voltage  in 
L the  secondary.  The  ratio  of  the  voltage  in- 
duced  in  the  secondary  to  the  voltage  applied 
|r  to  the  primary  is  the  same  as  the  ratio  of  the 
||  numl^r  of  turns  on  the  secondary  to  the 

' number  of  turns  on  the  primary.  In  mathe- 
matical  form  this  is  expressed  as  follows: 

f Volts  in  secondary  _ Turns  on  secondary 
Ht  Volts  in  primary  Turns  on  primary 

It  is  also  true  that. 
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Current  in  secondary  _ Turns  on  primary 
Current  in  primary  Turns  on  secondary 


For  example,  suppose  that  a transformer 
has  2,000  turns  on  its  secondary  and  500  turns 
on  its  primary.  If  1 10  volts  are  applied  to  the 
primary,  the  voltage  produced  in  the  second- 
ary can  be  found  as  follows: 


Voltage  in  secondary  2000 

no  “ 500 

Voltage  in  secondary 
2000  X 110 


500 


= 440  volts 


Let  us  now  find  the  secondary  current  if 
the  primary  current  is  80  amperes. 

Current  in  secondary  _ 500 

80~  ’ “ 200^ 


Current  in  secondary 


500  X 80 
2000 


= 20  amperes 


Thus  we  see  that  this  step-up  transformer 
has  raised  the  voltage  from  110  volts  to  440 
volts  and  decreased  the  current  from  80  am- 
peres to  20  amperes. 

Electric  energy  is  often  transported  over 
long  distances  by  overhead  wires  called  trans- 
mission lines  or  power  lines.  For  this  purpose 
alternating  current  is  used.  By  means  of 
a transformer  the  voltage  produced  by,  say, 
a 10,000-volt  alternator  can  be  stepped  up 
to  over  100,000  volts.  When  the  voltage  is 
increased,  the  current  is  correspondingly  re- 

duced. The  smaller  the  current,  the  lower  the 
power  loss  along  the  transmission  lines. 

Transformers  may  step  down,  or  reduce, 
voltage.  Step-down  transformers  are  used  at 
the  end  of  a long  transmission  line  to  step 
the  high  voltage  down  to  110  volts,  which  is 
safe  and  practical  for  most  purposes. 


A Direct-Current  Generator.  The  small 
generators  called  exciters  which  provide  cur- 
rent for  the  rotating  field  of  a large  alternator 
must  be  direct-current  generators  so  that  the 
field  in  the  rotor  of  the  large  generator  will 
always  be  in  the  same  direction.  A DC  (di- 
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Courtesy  General  Electric  Co. 

Fig.  38—7.  Three  large  step-down  transformers  capable  of  handling  nearly  33,000  kilowatts 
of  power.  These  transformers  step  down  230,000  volts  from  a transmission  line  to  13,800 
volts  for  local  distribution.  Such  step-down  transformers  and  their  associated  equipment  make 
up  what  is  called  a "substation." 


rect  current)  generator  differs  from  the  simple 
AC  (alternating  current)  generator  in  the 
method  employed  to  lead  the  induced  cur- 
rent from  the  armature  to  the  brushes.  The 
connection  from  the  ends  of  the  armature  coil 
to  the  brushes  must  be  reversed  every  time 


Fig.  38—8.  Simplified  diagram  of  a DC  generator. 


the  current  induced  in  the  armature  changes 

the  brushes  is  always  in  the  same  direction. 
This  is  done  by  a split-ring  commutator. 

To  see  how  the  split-ring  commutator 
works,  let  us  assume  that  the  armature  is  in 
the  position  shown  in  (a)  of  Fig.  38-9  and 
that  the  current  is  flowing  in  the  armature 
and  through  the  brushes  in  the  direction 
shown.  When  the  armature  reaches  the  posi- 
tion shown  in  (b),  the  current  induced  in  it 
will  be  in  the  opposite  direction;  but  the  con- 
nection of  the  ends  of  the  armature  coil  to  the 
brushes  is  also  reversed  by  the  action  of  the  | 
two  insulated  commutator  segments  rotating  | 
with  the  shaft.  These  split-ring  commutator 
segments  must,  of  course,  be  correctly  placed 
with  respect  to  the  armature  coil  so  that  the 
switching  of  each,  from  one  brush  to  the 
other,  takes  place  the  instant  the  direction  of 
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the  current  changes  in  the  armature.  We 
also  see  from  Fig.  38-9  that  the  output  cur- 
rent is  always  in  the  same  direction,  though 
it  is  a pulsating  rather  than  a steady  current. 
In  practice,  DC  generators  have  many  arma- 
ture coils  and  many  pairs  of  commutator  seg- 
ments arranged  in  succession  about  the  arma- 
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generator  and  a motor  are  similar,  but  in  the 
tasks  they  perform  they  are  quite  different. 
A generator  converts  mechanical  energy  into 

electrical  energy:  a motor  converts  electri- 
cal energy  into  work,  or  mechanical  ener^. 
When  we  say  that  electricity  runs  a lathe,  a 
pump,  a vacuum  cleaner,  or  a refrigerator,  we 


ture,  thus  producing  a much  steadier  current. 

DC  generators  are  used  for  charging  bat- 
teries, in  refining  copper,  in  the  manufacture 
of  aluminum  and  magnesium,  in  electro- 
plating, and  for  other  purposes  when  a direct 
current  is  necessary. 

Electric  Motors.  The  electric  current  genen 
ated  by  a dynamo  can  also  be  led  into  a ma- 
chine to  produce  mechanical  energy.  Such 
a machine  is  ealled  a motor.  In  prineiple  a 


really  mean  that  electric  power  is  supplied  to 
a motor  which  works  these  machines. 

How  does  an  electric  motor  run?  The  dia- 
gram in  Fig.  38-10  shows  that  in  design  the 
electrie  motor  resembles  a simple  DC  genera- 
tor. It  differs  from  the  generator  in  one  re- 
spect, however.  Instead  of  a permanent  field 
magnet  to  provide  the  field  for  the  armature^ 

the  motor  has  an  electromagnet. 

A current  is  fed  to  the  rotating  armature 
of  the  motor  through  two  brushes  and  a split- 
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ring  commutator.  Now  let  us  assume  that 
when  the  switch  is  closed  the  armature  is  in 
position  (a)  of  Fig.  38-10.  Current  flows 
through  the  field  coil  in  a direction  that  gives 
the  U-shaped  field  magnet  the  polarity  shown 
in  (a).  The  current  also  flows  through  the 
brushes  and  through  the  split-ring  commu- 
tator in  a direction  that  gives  the  armature 
(also  an  electromagnet)  the  polarity  shown. 
Obviously  the  two  adjacent  south  poles  will 
repel  each  other,  causing  the  armature  to 
rotate  in  a clockwise  direction  until  it  reaches 
position  (b)  of  Fig.  38-10.  In  this  position 
each  brush  is  about  to  change  contact  from 
one  segment  of  the  split  ring  to  the  other. 
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motor,  since  it  ean  operate  on  either  AC  or 
DC. 

Large  modern  electrie  motors,  like  DC 
generators,  usually  have  many  separate  arma- 
ture coils  and  commutator  segments,  but 
their  manner  of  operation  is  much  the  same 
as  that  of  the  simple  motor.  Some  AC  motors 
work  on  different  principles  from  the  one 
described  here,  but  the  details  of  their  opera- 
tion are  quite  complicated. 

Advantages  of  Electric  Power.  As  a source 
of  mechanical  power,  electricity  is  especially 
convenient.  Electric  motors  have  many  ad- 
vantages over  steam  engines  or  internal-com- 


Fig.  38—10.  The  action  of  the  commutator  in  an  electric  motor. 


The  two  split-ring  segments  are  mounted  di- 
rectly on  the  armature  shaft  (but  insulated 
from  it  and  from  each  other)  and  so  rotate 
with  the  shaft.  This  change  serves  to  reverse 
the  direction  of  flow  of  the  current  around 
the  armature  and  hence  the  polarity  of  the 
armature  to  that  shown  in  (c)  of  Fig.  38-10. 
The  armature  will  therefore  continue  to  ro- 
tate in  a clockwise  direction  instead  of  being 
pulled  back,  as  would  have  been  the  case 
if  its  polarity  had  not  been  changed  at  the 
proper  point.  When  the  armature  has  rotated 
through  another  180  degrees  from  the  position 
shown  in  (c),  the  polarity  is  again  changed 
to  keep  it  rotating  in  a clockwise  direction. 
This  type  of  motor  is  often  called  a universal 


bustion  engine^^They  are  cleaner  to  operate, 
as  they  need  no  dirty  or  messy  fuel^They 
require  only  wires  to  carry  invisible  electric 
power.  Unlike  gasoline  motors,  electrie  mo- 
toiiPd^  not  give  off  unpleasant  exhaust  gases, 
and  thevSbperate  with  much  less  noise  and 
vibration.  Moreover,  the^do  not  become  ex- 
tremely hot. 

Elecf-ric  Locomotives.  Sometimes  large  elee- 
tric  motors  which  get  their  electric  energy 
from  overhead  wires  are  used  instead  of  steam 
engines  in  railroad  locomotives.  Electric  loco- 
motives are  much  easier  to  control  than  steam 
locomotives  and  produce  no  smoke  or  dirt. 

The  riiaftpl-alanfrin  locomotive,  however, 
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does  not  even  need  overhead  wires.  In  this 
type  of  engine  fuel  oil  is  burned  in  a Diesel 
engine,  and  the  mechanical  power  from  the 
crankshaft  of  this  engine  rotates  the  armature 
of  an  electric  generator.'  The  electric  power 
produced  by  this  generator  is  then  used  to  run 
the  electric  motors  which  turn  the  drive 


{}rodiict  of  the  voltage  applied  to  an  electrical 

device  and  the  current  that  flows  throusji  it. 

Or, 

Power  (watts)  = Voltage  (volts)  X Current 
(amperes) 

For  example,  a light  bulb  that  operates  on  110 
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Fig.  38—11.  A partially  cut-away  view  of  a heavy  duty  DC  motor.  The  commutator  and 
brushes  can  be  seen  near  the  left-hand  end.  The  rotating  armature  is  mounted  on  the  shaft 
that  projects  from  the  right  end.  This  shaft  rotates  with  the  armature  and  delivers  the  power 
of  the  motor  through  pulleys  and  belts  or  gears  to  the  machine  it  runs.  The  fixed  iron  core 
on  which  the  field  coils  are  wound  is  shown  just  above  the  armature  core  fastened  to  the  top 
of  the  frame  by  the  two  large  bolts. 


1 wheels  of  the  locomotive  and  pull  the  train. 
\ This  seems  an  unnecessarily  long  and  waste- 
[ ful  series  of  steps  in  converting  the  energy  of 
fuel  oil  into  the  mechanical  energy  that  runs 
^ the  train,  but  Diesel-electric  motors  are  more 
I easily  controlled  than  Diesel  locomotives. 

; Electric  Power  and  Energy.  Electric  motors 
and  generators,  like  other  machines  that  use 
i energy,  are  often  rated  in  terms  of  their  power. 
1 Electrical  devices  are  usually  rated  in  terms 
I of  watts  rather  than  horsepower.  A watt  is  the 


volts  and  draws  i ampere  of  current  consumes 
electric  energy  at  a rate  of  110  X or  55 
watts. 

Because  most  motors  are  rated  in  horse- 
power, we  sometimes  want  to  convert  watts  to 
horsepower.  To  do  this,  we  should  know  that 
746  watts  are  equivalent  to  one  horsepower;  or 
t^lFone^iZowatt  (1,000  watts)  is  equal  to 
1.34  horsepower.  Hence,  if  a single  horse  were 
used  to  turn  the  armature  of  a generator  to 
provide  electric  light,  he  would  be  able  to  keep 
about  seven  100-watt  lamps  burning. 
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Courtesy  The  New  Haven  Railroad 


Fig.  38—12.  A device  called  a pantograph,  mounted  on  the  roof  of  an  electric  locomotive,  can 
be  raised  to  make  electric  contact  with  the  overhead  wire  to  provide  a closed  circuit  from  the 
wire,  through  the  electric  motors  in  the  locomotive,  to  the  rails  and  back  to  the  power  station. 


Courtesy  New  York  Central  System 


F.lprfrir  pjiprpy  on  the  Other  hand,  is  meas- 
ured, not  in  foot-pounds  or  mile-tons,  but  in 
a more  convenient  unit,  the  kilowatt-hour. 
(One  kilowatt  hour  is  equal  to  2,640,000  foot- 
pounds.) Thus  if  a motor  with  a power  of  2 


kilowatts  runs  for  8 hours,  it  consumes  2 X 
8,  or  16,  kilowatt-hours  of  electric  energy. 
When  electricity  is  sold  to  the  consumer,  it 
is  the  electric  energy  used  that  is  paid  for.  To 
measure  this  energy,  a watt-hour  meter  is  in- 


Fig.  38—13.  A Diesel-electric  passenger  locomotive  consisting  of  two  separate  units  of  2,000 

horsepower  each. 
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Courtesy  The  New  Haven  Railroad 

Fig.  38—14,  A heavy  duty  Diesel-electric  locomotive  hauling  a loaded  freight  train. 


stalled  in  every  building  supplied  with  elec- 
tricity. 

If  in  your  community  one  kilowatt-hour 
costs  5 cents,  what  will  it  cost  to  run  seven  100- 


watt  lamps  for  eight  hours?  The  number  of 

g 

kilowatt  hours  = 7 X 100  X , or  5.6. 

1000 

Therefore  the  cost  will  be  5.6  X 5,  or  28  cents. 


THINGS  TO  REMEMBER 


Faraday  discovered  that  a changing  magnetic 
field  about  a coil  of  wire  induces  a current  in  the 
coil.  This  is  called  electromagnetic  induction. 

An  electric  generator  converts  mechanical  en- 
ergy into  electric  energy. 

A simple  AC  generator  contains  a -field  mag- 
net, an  armature,  slip  rings,  and  brushes. 

A DC  generator  must  contain  a split-ring 
commutator. 


An  electric  motor  converts  electrie  energy  into 
work. 

A simple  electric  motor  consists  of  a field  elec- 
tromagnet, an  armature,  a split-ring  commutator, 
and  brushes. 

Electric  power  is  measured  in  watts. 

Power  in  watts  is  equal  to  the  current  multi- 
plied by  the  voltage. 

One  horsepower  equals  746  watts. 

Electric  energy  is  measured  in  kilowatt-hours. 


QUESTIONS 


1.  Name  a device  that  changes  electrical  en- 
ergy into  motion. 

2.  What  are  three  advantages  that  electrie 
motors  have  over  gasoline  engines? 

3.  List  at  least  four  ways  in  which  electric 
motors  can  be  used  in  a household. 

4.  What  is  a watt? 

5.  What  is  a kilowatt? 


6.  How  is  power  in  watts  calculated? 

7.  Name  the  important  parts  of  an  electric 
generator. 

8.  Name  the  important  parts  of  an  eleetric 
motor. 

9.  What  is  a Diesel-electrie  locomotive? 

10.  How  much  electrical  energy  is  used  by  a 
100-watt  light  bulb  that  burns  for  24  hours? 

1 1 , Determine  which  of  the  following  state- 
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ments  are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

{a)  Electrie  energy  is  usually  measured  in 
foot-pounds. 

(h)  Electric  power  is  usually  measured  in 
watts. 

(c)  A generator  converts  electrical  energy 
into  mechanical  energy. 

(d)  The  split-ring  commutator  in  a motor 
serves  to  reverse  the  direction  of  the 
current  flowing  through  the  armature. 

(e)  The  brushes  of  a generator  are  small 
permanent  magnets. 

12.  Describe  the  construction  of  a transformer. 

13.  A step-up  transformer  with  2,000  secondary 
turns  and  100  primary  turns  has  a voltage 
of  500  volts  across  its  primary.  What  volt- 
age is  induced  in  the  secondary? 

B 

14.  How  is  electricity  obtained  from  coal? 

15.  How  is  electricity  obtained  from  water? 

16.  Describe  how  to  generate  an  electric  cur- 


rent using  a coil  of  insulated  wire,  a galva- 
nometer, and  a bar  magnet. 

17.  An  electric  motor  produces  20  horsepower. 

How  many  watts  of  electric  power  does  it 
use?  - 

18.  How  many  watts  are  used  by  an  electric 
motor  that  lifts  a 3,000-pound  elevator  to 
the  top  of  a 330-foot  building  in  two 
minutes?  / Y ootJx<j 

1 9.  Describe  the  operation  of  an  electric  motor. 

20.  How  much  does  it  cost  to  run  a T^orse- 
power  motor  for  five  hours  if  electric  energy 
costs  12  cents  per  kilowatt-hour? 

21.  How  does  a DC  generator  differ  from  an 
AC  generator? 

22.  Why  is  the  electric  current  generated  in  a 
large  alternator  taken  from  the  stator  rather 
than  the  rotor? 

23.  A transformer  is  supplied  with  100  volts  at 
10  amperes  on  its  primary  and  delivers  a 
current  of  ^ ampere  from  its  secondary. 
What  voltage  is  supplied  by  the  secondary? 


PROJECT 


Visiting  an  Electric  Power  Plant.  The  operators 
of  power  stations  are  usually  glad  to  show  visitors 
around.  Organize  a group  and  make  arrange- 
ments for  the  visit.  Some  of  the  important 
things  to  look  for  are: 

(a)  the  coal-feeder  system 

(b)  the  boilers 

(c)  the  condensers 

(d)  the  steam  turbines 


( e )  the  alternators 

(/)  the  exciter  for  producing  a magnetic  field 

(g)  the  switchboard 

( h ) the  transformers 

In  visiting  the  plant  remember  that  high-pres- 
sure steam,  rapidly  rotating  machinery,  and  the 
high  voltage  in  exposed  wiring  are  very  dan- 
gerous. 
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chapter  39 


HEAT  AND  LIGHT  FROM  ELECTRICITY 


Electricity  serves  innumerable  purposes  in 
our  everyday  lives,  but  probably  the  most 
essential  service  it  renders  to  all  of  us  is  in 
producing  light  where  there  is  no  natural  light. 
When  we  push  a switch,  an  electric  current 
instantly  flows  through  the  wires  in  the  bulb, 
and  we  have  light.  If  we  examine  an  electric 
light  bulb,  we  notice  a fine  tungsten  wire,  or 
filament,  through  which  the  current  flows. 
When  we  place  a hand  near  the  bulb,  we 
realize  that  heat  as  well  as  light  is  given  off. 
As  the  current  flows,  the  filament  becomes 
white-hot,  or  incandescent.  It  is  this  incan- 
descent filament  that  lights  our  houses, 
schools,  factories,  and  city  streets. 

What  causes  the  heat  in  the  filament,  or 
rather,  how  is  electric  energy  converted  into 
heat  in  the  filament?  The  wire  that  carries 
the  current  to  the  bulb  hardly  feels  warm. 
How  is  the  filament  in  the  lamp  different  from 
the  wire  that  conducts  the  current  through  the 
house?  The  difference  is  found  in  the  resist- 
ance of  the  two  wires. 

Resistance  and  Heat.  The  greater  the  resist- 
ance offered  by  a wire,  the  less  is  the  current 
through  it.  In  trying  to  overcome  resistance, 
electrical  energy  is  changed  into  heat. 

Substances  vary  in  resistance.  Those  having 
a high  resistance  give  off  much  more  heat 
when  a current  passes  through  them  than  do 
those  with  a low  resistance.  You  already  know 
that  copper  is  a good  conductor  of  heat  and 
electricity.  Copper  wire  offers  little  resistance 


to  a current  and  does  not  become  appreciably 
hot  when  a current  flows  through  it.  It  is 
therefore  used  in  wiring  systems  and  on  long 
transmission  lines.  Nichrome.  an  alloy  of 
nickel  and  chromium,  has  a high  resistance. 
Therefore  when  a current  flows  through  a 
nichrome  wire,  the  wire  becomes  red-hot. 
The  following  experiment  illustrates  the  dif- 
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Fig.  39—1  . A current  flowing  through  nichrome  wire 
produces  heat. 


ference  in  resistance  between  copper  and 
nichrome. 

Demonstration  39-1.  The  Heating  Effect  of  an  Electric 
Current. 

Connect  a piece  of  fine  nichrome  wire  about 
four  inches  long  to  two  dry  cells  and  a switch  as 
shown  in  the  diagram.  Use  copper  wire  of  the 
same  cross-section  to  complete  the  circuit,  and 
then  close  the  switch.  The  nichrome  wire  be- 
comes so  hot  that  it  glows;  the  copper  does  not. 

Because  of  its  high  resistance  nichrome  wire 
is  used  in  electric  toasters  and  irons.  The  heat- 
ing unit  of  an  electric  iron  consists  of  a num- 
ber of  coils  of  nichrome  wire  wound  on  a mica 
frame  or  some  other  suitable  support.  What 
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special  properties  are  required  of  the  substance 
on  which  the  wire  is  wound? 

Electric  Heating.  Electric  heaters,  being 
essentially  only  coils  of  nichrome  wire,  are 
simple  electrical  appliances.  They  are  widely 
used.  In  localities  where  electricity  is  cheap, 
houses  are  sometimes  heated  by  electricity. 
Even  in  areas  where  electricity  is  more  expen- 
sive than  coal,  oil,  or  gas,  electric  heaters  are 
often  used  because  of  their  convenience.  They 
do  not  produce  smoke,  soot,  or  objectionable 

gases.  They  do  not  have  to  be  carefully  ad- 


Courtesy  Westinghouse  Corp. 


Fig.  39—2.  An  electric  heater. 

justed,  and  they  are  safer  than  gas  or  oil 
heaters. 

Heat  produced  by  electric  heaters  usually 
costs  more  per  B.T.U.  than  heat  obtained 
from  burning  coal.  This  is  due  to  the  fact  that 
in  the  electric  power  plant  considerably  less 

energy  in  the  form  of  mechanical  work  is 

obtained  from  the  turbine  than  is  supplied  in 

the  form  of  heat  from  the  burning  coal.  In 
other  words,  when  coal  is  converted  into 
electricity,  heat  energy  is  wasted  and  we  pay 
for  this  wasted  energy  when  we  use  electric 
heaters. 


Electricity  is  a source  of  heat  for  many  pur- 
poses besides  heating  rooms.  Electric  heaters 
are  used  extensively  for  heating  water.  Electric 
stoves,  ranging  from  hot  plates  to  large  stoves 
with  ovens,  are  coming  into  more  and  more 
common  use  because  they  are  so  convenient  to 
operate.  The  flying  suits  sometimes  worn  by 
pilots  flying  at  high  altitudes  are  heated  elec- 
trically. 


Courtesy  Westinghouse  Corp. 
Fig.  39—3.  An  electric  stove. 


In  industry  electric  heating  has  many  appli- 
cations. In  electric  weldins.,  for  example,  a 
large  current  is  made  to  flow  through  the  parts 
of  the  steel  or  other  metal  that  are  to  be 
welded.  The  heat  produced  at  the  point  of 
contact  of  the  parts  is  so  great  that  the  metal 
pieces  melt  and  run  together,  forming  a strong 
bond  when  cool.  In  many  cases  electric  weld- 
ing is  replacing  the  older  method  of  joining 
pieces  of  metal  by  means  of  rivets. 

The  electric  furnace  produces  the  high  tern- 
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peratures  needed  to  melt  some  metals  and  to 
earr)^  out  certain  industrial  processes,  such  as 
the  manufacture  of  graphite  from  coke,  for 
example.  No  nichrome  wire  is  used.  Usually 
the  current  passes  directly  through  the  mate- 
rial to  be  melted.  The  resistance  of  the 
material  is  sufficient  to  produce  the  high 
temperature  required. 

Fuses.  If  the  insulation  comes  off  the  wires 
in  an  electric  cord  and  if  the  wires  then  touch 
each  other,  a short  circuit  is  formed.  Such  a 
circuit  has  very  little  resistance;  it  will  allow 
so  heavy  a current  to  flow  that  the  wires  may 
become  hot  enough  to  start  a fire  in  the  walls 
of  the  building.  To  prevent  such  an  occur- 
rence, fuses  are  used  in  all  electric  circuits. 

A fuse  is  usually  a short  strip  of  metal  al- 
loy with  a low  melting  point.  This  strip  is 
mounted  in  a holder  and  screwed  or  plugged 
into  a socket  so  that  it  is  in  series  with  the 
electric  circuit  in  the  building.  If  too  large 
a current  flows  through  the  house  wiring,  it 

melts  the  fuse,  thereby  breaking  the  circuit 

and  turning  off  the  electricity.  Before  a new 
fuse  is  inserted,  the  cause  of  the  short  circuit 
must  be  found.  Unless  the  defect  is  corrected 
before  the  fuse  is  replaced,  the  new  fuse  will 
also  burn  out  as  soon  as  the  current  is  switched 
on.  Fuses  used  in  ordinary  house  circuits  are 
usually  rated  to  carry  15  amperes  and  should 
not  be  replaced  with  fuses  rated  for  more  than 
this  amount  of  current. 

Safety  Measures.  Care  should  be  taken  at 
all  times  when  handling  electrical  apparatus 
to  prevent  accidents.  The  voltage  in  most 
buildings  is  110  volts.  Under  some  circum- 
stances this  may  give  a dangerous  shock.  If, 
for  example,  one  grasps  a defective  fixture 
while  standing  in  water,  a large  enough  current 
may  flow  through  the  body  to  cause  death. 
Electric  fixtures  should  therefore  not  be  placed 
within  reach  of  a bathtub. 

Under  no  circumstances  should  a burned- 
out  fuse  be  replaced  with  anything  but  a 
standard  fuse  of  the  correct  rating.  The  wrong 


fuse  may  not  be  able  to  prevent  large  currents 
from  heating  the  house  wiring  to  the  point 
where  a fire  results. 

There  is  always  possible  danger  in  electric 
circuits.  Therefore,  if  a circuit  needs  repairing, 
the  work  should  be  done  by  an  electrician, 
never  by  an  inexperienced  person. 

Incandescent  Lamp  Filaments.  The  fila- 
ment of  an  ordinary  electric-light  bulb  is  made 


Courtesy  National  Safety  Council,  Inc. 


Fig.  39—4.  Light  fixtures  should  not  be  located  near 
plumbing  fixtures.  If  the  switch  were  defective  and 
the  cord  were  a metal  chain,  the  woman  in  this 
picture  might  receive  a serious  shock. 

of  the  metal  tungsten.  In  order  to  give  off  as 
much  light  as  possible,  the  filament  in  a lamp 
must  be  made  white-hot  This  requires  an 
exceedingly  high  temperature,  about  2000°  C. 
Nichrome  is  not  used  for  filaments  because  it 
melts  well  below  this  temperature.  Tungsten, 
however,  has  the  highest  melting  point  of  all 
metals  (3370°  C.).  At  2000°  C.  it  does  not 
even  vaporize  to  any  marked  extent. 

But  tungsten  is  a good  conductor.  How, 
then,  can  we  make  a tungsten  wire  with  a 
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high^  resistance?  The  resistance  of  a wire  in- 
creases as  the  length  of  the  wire  increases;  it 
also  increases  as  the  diameter  of  the  wire  be- 

comes smaller.  The  tungsten  filament  must 
therefore  be  both  long  and  thin.  If  you  re- 
move the  filament  from  a burned-out  light 
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the  wires  might  become  overloaded  with  too 
much  current.  Another  advantage  of  having 
several  circuits  is  that  if  a fuse  in  one  circuit 
burns  out,  lights  on  the  other  circuits  can  still 
be  turned  on.  If  all  electric  appliances  were 
connected  in  series,  the  circuit  would  look  like 
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Fig.  39—5.  A si'inple  house-wiring  circuit. 


bulb  and  examine  it  under  a magnifying  glass, 
you  will  see  how  long  and  thin  it  is. 

House  Lighting  Systems.  Since  many  lights 
and  electric  appliances  are  used  in  houses  and 
other  buildings,  let  us  see  how  they  are  con- 
nected to  their  source  of  power.  All  the  lights 
and  other  devices  in  the  house  are  connected 
in  parallel.  Fig.  39-5  shows  four  separate 
house-wiring  circuits  leading  from  the  watt- 
hour  meter,  each  with  its  own  fuse.  If  all  the 
lights  and  appliances  were  on  one  circuit  and 
if  all  of  them  were  in  use  at  the  same  time, 


that  shown  in  Fig.  36-14.  Such  a circuit 
would  be  impractical;  for,  if  one  light  were 
turned  off,  all  the  lights  and  appliances  in  the 
building  would  go  off  at  the  same  time  be- 
cause there  would  no  longer  be  a closed  cir- 
cuit through  the  remaining  lamps. 

The  watt-hour  meter  measures  the  total 
amount  of  electric  energy  used  in  all  the  cir- 
cuits. It  is  frequently  mounted  on  the  outside 
wall  of  a house  where  it  can  be  conveniently 
read.  From  the  reading  of  the  meter  the  cost 
of  the  electric  energy  supplied  to  the  con- 
sumer is  calculated. 


THINGS  TO  REMEMBER 


Heat  is  produced  when  an  electric  current 
flows  through  a resistance. 


Nichrome  wire  is  used  in  electric  heating  ele- 
ments because  it  has  a high  resistance. 
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Electric  lieat  is  cleaner,  safer,  and  more  con- 
venient to  control  tlian  heat  produced  directly 
by  combustion. 

An  electric  fuse  is  an  alloy  with  a low  melting 
point  that  melts  when  an  excessive  current  flows 
through  it,  and  thus  breaks  the  electric  circuit. 


An  incandescent  bulb  contains  a tungsten  fila- 
ment because  tungsten  has  a very  high  melting 
point. 

House  lights  and  appliances  are  wired  in  paral- 
lel, and  each  circuit  is  protected  by  a fuse. 


QU  ESTIONS 


A 

1.  ^\Tat  kind  of  wire  is  used  in  electric  heat- 
ers? ^^l^y  is  this  kind  of  wire  used? 

2.  Name  two  advantages  of  electric  heating 
over  coal  heating. 

3.  What  is  the  purpose  of  an  electric  fuse? 

4.  Describe  the  construction  of  the  filament  in 
an  incandescent  bulb. 

5.  Why  are  electric  lights  and  appliances  con- 
nected in  parallel? 

6.  Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

(a)  Heat  is  produced  whenever  an  electric 
current  flows  through  a resistance. 

(b)  An  ordinary  light  bulb  used  in  a house 
consumes  about  10  kilowatts  of  power. 

(c)  It  costs  l^'Tc) 'produce  heat  from  elec- 
tricity than  to  get  heat  by  burning  coal. 


(d)  Ordinary  house  voltage  is  about  TO 
volts. 

(e)  Ordinary  house  voltage  can  cause  seri- 
ous shocks. 

7.  What  must  happen  to  produce  heat  in  an 

electric  circuit?'  ^ 

8.  How  is  a fuse  connected  in  an  electric  cir- 
cuit? ^ >-*-  - ^ ; 

9.  What  is  a short  circuit? 

' B 

10.  Describe  what  happens  when  a fuse  burns 
out. 

1 1 . Why  is  a fuse  not  connected  in  parallel  with 
a circuit? 

12.  What  should  be  done  before  replacing  a 
burned-out  fuse? 

13.  Why  is  heat  produced  from  electricity  more 
expensive  than  heat  produced  directly  from 
burning  coal? 


PROJECT 


Reading  a Watt-Hour  Meter.  Read  and  record 
the  watt-hour  meter  for  your  house.  Read  the 
meter  again  a week  later.  Calculate  how  much 
electricity  was  used  during  the  week.  From  the 
cost  of  electricity  in  your  town  calculate  your 
electricity  bill  for  the  week. 

A watt-hour  meter  dial  is  shown  in  the  figure. 
The  right-hand  dial  registers  kilowatt-hours  from 
0 to  10.  The  next  dial  registers  them  in  units  of 
tens,  the  third  in  units  of  hundreds,  and  the 
fourth  in  units  of  thousands.  Reading  from  left 


to  right,  the  dials  in  the  figure  show  a total  read- 
ing of  9121  kilowatt-hours. 
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Fig.  39—6.  A watt-hour  meter. 


REVIEW  QUESTIONS  ON  UNIT  7 


A 

1.  Complete  each  of  the  following  statements 
by  supplying  the  correct  word  or  phrase. 

{a)  An  electric  generator  converts  — ? — 
into  electric  energy. 

(b)  An  electric  motor  converts  electric  en- 
ergy into  — ? — . 

(c)  More  than  60  percent  of  the  electricity 
produced  in  the  United  States  eomes 
from  — ? — . 


(d)  Hydroelectric  power  is  electric  power 
produced  by  — ? — . 

2.  How  may  heat  energy  be  obtained  from 
electrical  energy? 

3.  What  is  a kilowatt? 

4.  How  would  you  make  an  electromagnet? 

5.  How  is  electricity  often  produced  in  moun- 
tainous countries? 

6.  What  is  a Diesel-electric  locomotive? 
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7.  What  happens  when  a body  becomes 
charged:  {a)  positively;  (b)  negatively  by 
friction? 

8.  Compare  the  electrical  properties  and  uses 
of  copper  wire  and  nichrome  wire. 

9.  Why  are  household  electrical  appliances 
connected  in  parallel? 

10.  Why  are  fuses  used,  and  how  are  they  con- 
nected in  a house-wiring  system? 

11.  What  precautions  must  be  observed  when 
electricity  is  used  in  the  home? 

B 

12.  Tell  how  to  generate  an  electric  current  in 
a coil  of  wire  by  means  of  a magnet. 

. Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

(a)  Positive  charges  attract  each  other. 
.(b)  North  magnetic  poles  do  not  attract 
‘ each  other. 

(c)  A positive  electric  charge  attracts  a 
negative  electric  charge. 

(d)  An  electric  current  is  measured  in  am- 
peres. 

(e)  Electric  power  is  measured  in  volts. 

(/)  The  earth  has  a south  magnetic  pole  in 

j the  Arctic. 

14.  Explain  just  what  you  should  do  when  a 
fuse  blows  out  in  your  home. 

15.  Each  cell  gives  1.5  volts.  Find  (a)  the  cur- 
rent flowing  through  the  resistor  and  (b) 
the  power  given  off  in  the  form  of  heat  in 
the  resistor. 

I 


— w\/\/ — 

6 OHMS 

SUGGESTIONS  FOR 
A 

Beeler  and  Branley.  Experiments  in  Electric- 
ity. Crowell,  1949. 

Cook,  Sherman  R.  Electrical  Things  Boys  Like 
to  Make.  Bruce,  1942. 

Edison  and  Electricity.  General  Electric,  Sche- 
nectady. 

McCann,  Gilbert.  Today’s  Ben  Franklin. 
Westinghouse,  1945. 

McEachron  and  Patrick.  Playing  with  Light- 
ning. Random  House,  1940. 


ELECTRICITY 

16.  How  much  would  it  cost  to  run  a 50-ohm 
lamp  from  a 110-volt  power  supply  for  24 
hours  if  electrical  energy  costs  4 cents  per 
kilowatt-hour? 

17.  What  is  the  efficiency  of  a 4'horsepower 
motor  that  draws  2.5  amperes  from  a 110- 
volt  supply? 

18.  When  you  comb  your  hair  in  dry  weather, 
the  comb  becomes  negatively  charged  and 
your  hair  stands  on  end.  Explain  what  has 
happened. 

19.  (a)  Draw  a diagram  of  a circuit  to  include 

two  dry  cells,  a switch,  a light  bulb,  a 
resistor,  an  ammeter,  and  a voltmeter 
across  the  lamp. 

(b)  If  the  voltage  drop  across  the  lamp  is 
1.5  volts  and  the  ammeter  reads  3 am- 
peres, find  the  resistance  of  the  light 
bulb.  R ,-5 

20.  (a)  Christmas  tree  lamps  are  often  con- 

nected in  series,  with  eight  lamps  in 
a string.  If  the  string  operates  on  112 
volts,  what  is  the  voltage  across  each 
lamp?  j 4- 

(b)  If  the  total  current  used  by  the  string 
is  \ ampere,  what  is  the  resistance  of 
each  lamp? 

21.  If  electricity  costs  5 cents  per  kilowatt-hour, 
how  much  would  it  cost  to  burn  a string  of 
eight  2-watt  lamps  for  100  hours? 

22.  Describe  carefully  three  different  ways  in 
which  electricity  can  be  made  to  move  from 
one  body  to  another.  Tell  what  makes  the 
electricity  j^ove.  in  each  case. 

23.  Draw  a diagram  of  an  AC  generator  and 
explain  how  it  works. 

24.  Draw  a diagram  of  a DC  generator  and 
explain  how  it  works. 
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ARTIFICIAL  LIGHT 


Chapter  40 


The  electric  lamp  which  we  discussed  in 
Chapter  39  is  a relatively  recent  discovery.  It 
was  invented  by  Thomas  Edison  in  1879. 


Courtesy  Thomas  A.  Edison,  Inc. 

Fig.  40—1 . Thomas  Edison  in  his  laboratory,  about 
1906,  He  had  invented  the  filament-type  electric 
lamp  twenty-seven  years  earlier. 


The  story  of  the  development  of  light  is 
similar  to  the  story  of  the  develop- 
of  power.  Early  sources  of  artificial  light 
were  crude  and  inefficient,  but  they  slowly  im- 
proved as  man  came  to  understand  the  laws  of 


nature.  Light  has  always  been  obtained  as  a 
result  of  producing  heat,  and  the  heat  was 
usually  obtained  through  the  combustion  of 
a fuel.  The  heat  evolved  in  producing  light 
is  thus  a wasteful  by-product.  When  sci- 
entists solve  the  problem  of  producing  light 
without  heat,  there  will  be  a great  saving  of 
fuel. 

There  is  one  outstanding  difference  between 
the  development  of  light  and  the  development 
of  power.  Erom  early  times  man  has  harnessed 
winds  and  running  water  to  do  work  for  him. 
Light,  however,  has  come  to  him  from  the  sun 
as  a gift.  But  the  sun  gives  light  for  only  part 
of  the  day.  In  early  times,  therefore,  nearly 
all  human  activity  began  with  the  rising  of  the 
sun  and  ended  with  its  setting.  As  civilization 
progressed,  man  invented  means  of  producing 
light  which  could  be  used  during  the  hours 
when  there  was  no  sunlight.  What  were  the 
sources  of  light  before  man  learned  to  gener- 
ate electricity? 

Sources  of  Light.  Eor  centuries  the  only 
portable  lights  were  burning  sticks.  Pine  pitch 
was  often  placed  on  the  end  of  the  stick  be- 
cause it  made  the  flame  brighter,  and  it  lasted 
longer.  Many  of  the  old  castles  in  Europe 
used  pine  torches  as  late  as  the  1 5th  century. 

The  Greeks  and  Romans  used  oil  lamps. 
These  were  shallow  dishes  holding  oil  which 
was  probably  extracted  from  olives.  The 
small,  wavering  flame  in  such  lamps  gave  little 
light,  and  it  was  accompanied  by  an  unpleas- 
ant odor. 
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Another  source  of  light  was  the  candle. 
Candles  were  used  long  before  kerosene  was 
known.  In  England  they  were  made  from  tal- 
low, or  sheep  fat.  They  were  used  to  give 
light  in  coal  mines  before  the  Davy  lamp 
was  invented.  In  New  England  the  early  set- 


LIGHT 

was  used,  yet  coal  gas  gave  a sooty,  yellowish 
flame. 

About  1850  the  kerosene  lamp  was  in- 
vented. Kerosene  lamps  required  a supply  of 
petroleum.  When  Drake  struck  oil  in  Penn- 
sylvania in  1859,  he  was  interested  in  getting 


Courtesy  Consolidated  Edison  Co.  of  New  York,  Inc, 


Fig.  40—2.  Man's  activity  is  no  longer  limited  to  daylight  hours.  New  York  City  at  night  is 

ablaze  with  artificial  light. 


tiers  used  the  wax  from  the  bayberry,  which 
grows  abundantly  in  that  region. 

Lighting  was  often  one  of  the  great  lacks 
in  early  pioneer  life.  You  will  recall  that 
Abraham  Lincoln  had  to  study  by  the  light 
of  the  fire  in  the  fireplace  because  he  had  no 
candles  or  lamps.  Today  candles  are  used 
chiefly  for  decorative  and  religious  purposes. 

Coal  gas,  you  may  recall,  v/as  first  used  as 
fuel  for  lighting  about  1820.  A special  burner 


oil  for  kerosene  lamps,  not  for  internal- 
combustion  engines,  which  had  not  yet  been 
developed. 

THE  DEVELOPMENT  OF  ELECTRIC  LIGHTING 

The  next  improvement  in  artificial  lighting 
was  the  first  electric  lamp.  Before  this  inven- 
tion, as  we  have  seen,  all  light  had  been  pro- 
duced by  burning  a fuel.  In  electric  lighting, 
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however,  an  object  is  made  hot  enough  to  give 
off  light  without  burning.  The  first  successful 
carbon  arc  was  invented  by  Sir  Humphry 
Davy  in  1825.  The  light  produced  by  a car- 
bon arc  is  so  bright  that  the  eyes  must  be 
protected  from  it  by  dark  glasses. 

Demonstration  40-1.  Making  a Carbon  Arc. 

Obtain  two  sticks  of  carbon  and  on  coarse 
sandpaper  grind  the  ends  to  a point.  Mount  the 
rods  on  separate  ringstands.  {Caution:  Do  not 
touch  both  ringstands  at  the  same  time,  as  the 
difference  in  voltage  between  them  can  give  you 
a bad  shock.)  Connect  the  rods  with  wires  to  an 
electric  iron  or  to  a bathroom  heater,  which 
serves  as  a resistor  to  limit  the  amount  of  elec- 
trieity  passed  by  the  arc.  The  arrangement  is 
shown  in  Fig.  40-3.  Connect  the  whole  appara- 


Fig.  40—3.  A simple  carbon  arc  can  be  made  from 
two  old  battery  carbons  mounted  on  stands  and  con- 
nected as  shown.  Caution:  Always  use  dark-colored 
glass  when  looking  at  the  light. 

tus  to  an  electric  outlet  and  then,  by  moving  one 
of  the  stands,  touch  the  two  carbons  together. 
They  should  become  red-hot  at  the  point  of  con- 
tact; they  can  then  be  separated  slightly  to  form 
a bright  carbon  arc. 

The  light  is  produced  by  incandescent 
(white-hot)  particles  of  carbon  streaming 
across  the  gap  between  the  electrodes.  The 
arc  can  be  blown  out  by  a good  puff  of  air. 

Carbon  arcs  were  used  for  many  years  in 
street  lighting.  They  were  used  to  light  the 
streets  of  Baltimore  as  early  as  1845.  The 
great  disadvantage  of  the  carbon  arc  is  that 
it  has  to  be  continually  adjusted  as  the  carbons 
evaporate. 

A Carbon  Filament.  The  carbon  arc  was 
not  well  suited  for  home  use.  Thomas  Edison 
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believed  that  a long  thin  thread,  or  filamenty 
of  carbon  should  be  used.  He  spent  many 
years  trying  to  find  a suitable  carbon  filament, 
and  in  1879  he  finally  made  one  out  of  bam- 
boo fiber.  The  fiber  was  partly  oxidized  in 
a hot  oven  to  turn  it  into  carbon;  then,  to  pre- 
vent it  from  burning  away,  it  was  mounted  in 
a glass  bulb  from  which  the  air  was  removed. 
The  carbon-filament  lamp,  as  it  was  called, 
proved  successful  and  was  widely  used.  Its 
chief  drawback  was  that  the  filament  was 
very  fragile.  An  early  model  of  an  Edison 
lamp  is  shown  in  Fig.  40-4. 


Courtesy  Thomas  A.  Edison,  Inc. 

Fig.  40—4.  A replica  of  the  original  filament  lamp 
made  by  Edison  in  1879. 

A Metal  Filament.  Today  tungsten  has  re- 
placed the  carbon  as  a filament.  Tungsten  is  a 
brittle  metal.  Because  at  first  tungsten  could 
not  be  drawn  into  a wire,  it  took  years  to  per- 
fect the  tungsten  filament.  Hot  tungsten 
powder  is  hammered  into  a small  rod,  which 
is  then  forced  through  a series  of  smaller  and 
smaller  holes,  or  dies,  until  it  has  the  required 
fineness.  For  some  lamps  the  wire  must  be 
drawn  so  fine  that  a single  pound  of  tungsten 
is  drawn  into  forty  miles  of  wire. 

Dr.  Irving  Langmuir  made  several  improve- 
ments in  the  tungsten  lamp.  First,  he  found 
that  tungsten  filaments  would  last  longer  if,  in- 
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stead  of  being  evaeuated,  the  lamp  were  filled 
with  nitrogen  gas.  In  a vaeuum  the  evapora- 
tion from  the  hot  filament  eaused  a blaek  de- 
posit of  tungsten  to  form  on  the  inside  of  the 
bulb.  The  pressure  of  the  nitrogen  reduced  the 
evaporation  and  thus  lengthened  the  useful- 
ness of  the  bulb.  Langmuir  also  discovered 
that  the  heavier  the  wire  the  longer  it  lasts. 
But  a heavy  wire  has  too  low  a resistance. 
Langmuir  therefore  coiled  fine  tungsten  wires 
into  a thick  coil  and  then  coiled  this  again 
into  a still  thicker  pencil  of  wire,  as  shown 
in  Fig.  40-5.  Even  at  a high  temperature  a 
filament  made  with  this  coiled  wire  does 
not  evaporate  as  rapidly  as  the  wire  in  the 
older  lamps.  And  the  higher  the  temperature 


(o) 

(b) 


(c) 


Fig,  40—5.  Thin  tungsten  wire  (a)  is  twisted  into  a 
fine  coil  (b),  and  this  is  twisted  again  into  a heavy 
filament  (c)  for  use  in  lamp  bulbs. 

the  whiter  and  brighter  is  the  light  produced. 
Thus  more  illumination  is  produced  at  a lower 
cost.  In  1 879  light  from  electricity  cost  about 
thirty  times  as  much  as  it  does  today. 

Demonstration  40-2.  Examination  of  an  Incandescent 
Lamp. 

Obtain  a 100-watt  clear-glass  bulb  of  modern 
make.  Examine  the  construction  of  the  lamp, 
especially  the  filament  and  its  supports,  as  shown 
in  Fig.  40-6.  Can  you  find  the  exhaust  tube 
through  which  air  was  pumped  out? 

Hold  the  bulb  in  a heavy  towel  and  with  a 
sharp  file  make  a scratch  about  an  inch  long 
around  the  glass  near  the  base.  Screw  the  lamp 
into  a socket  and  turn  on  the  electricity.  When 
the  lamp  is  hot,  drop  a little  water  on  the  crack. 
The  glass  should  crack  all  the  way  around  with- 
out disturbing  the  filament,  which  continues  to 
glow.  After  several  seconds  a white  cloud  of 
tungsten  oxide  begins  to  form  inside  the  bulb 
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as  the  nitrogen  is  slowly  replaced  by  air.  Finally, 
turn  off  the  electricity,  remove  the  glass,  and 
examine  the  filament  under  a magnifying  glass. 
Careful  examination  shows  that  the  filament  is 
really  a coiled  coil  of  fine  tungsten  wire.  Break 
open  the  metal  base  of  the  lamp  to  find  where 
the  filament  is  connected  to  the  metal  base. 

Vapor  Lamps.  The  newest  sources  of  light 
are  vapor  lamps,  in  which  electricity  passes 
through  a gas.  Glowing  gases  produce  much 
less  heat  than  ordinary  filament  lamps.  How 


Fig.  40—6.  A gas-filled  tungsten  lamp  with  a coiled 
filament. 

does  a gas  produce  light?  And  are  all  gases 
suitable  for  this  purpose? 

According  to  one  theory,  light  is  produced 
in  a substance  when  the  electrons  in  its  atoms 
are  disturbed.  When  atoms  are  packed  close 
together,  as  in  a solid  or  liquid,  the  easiest  way 
to  disturb  electrons  is  by  applying  heat.  When 
atoms  are  in  a vapor  form,  however,  the  elec- 
trons are  best  disturbed  by  other  fast-moving 
electrons,  as  in  a flow  of  electricity. 

The  real  problem  is  to  find  vapors  which 
are  suitable  for  ordinary  illumination.  Neon 
gas  produces  only  a reddish  color  that  is  not 
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very  bright.  It  is  used,  however,  for  adver- 
tising signs  and  for  decorative  purposes.  So- 
dium vapor,  obtained  by  heating  sodium  metal 
in  a sealed  bulb,  produces  a strong  yellow 
light,  and  lamps  containing  sodium  vapor  are 
sometimes  used  in  highway  lighting.  But  the 
yellow  color  makes  them  unsuitable  for  gen- 
eral use. 

Demonstration  40-3.  Light  from  Gases. 

Wrap  a piece  of  asbestos  around  the  top  of 
a Bunsen  burner  as  in  Fig.  40-7,  and  tie  it  in 
place.  Then  slip  it  off  carefully  and  soak  it  in  a 


Fig.  40—7.  Colored  flames  can  be  produced  Dy 
soaking  asbestos  collars  in  chemicals  and  then  heat- 
ing them  at  the  top  of  a Bunsen  burner. 

Strong  solution  of  table  salt.  Wipe  off  any  excess 
solution,  replace  the  asbestos  on  the  burner,  and 
light  the  gas.  After  a moment  a bright  yellow 
flame  is  produced.  Turn  out  all  white  lights  and 
examine  your  hands  and  your  classmates’  faces 
in  the  yellow  light.  Can  you  explain  the  results? 

Soak  other  pieces  of  asbestos  in  strontium 
chloride  or  lithium  chloride.  What  colors  are 
produced  when  these  are  heated?  Is  the  color 
characteristic  of  the  chloride  or  of  the  metal? 
If  a spectroscope  is  available,  examine  the  light 
to  tell  just  which  colors  are  produced  by  each 
substance. 

Mercury  vapor  gives  a greenish  light  that 
changes  the  color  of  ordinary  objects.  Such 


Fig.  40—8.  Illumination  falling  on  a surface  decreases 
as  the  distance  from  the  source  increases.  The  light 
P passing  through  area  Wi  is  spread  over  all  of  W2, 
which  is  the  same  size  as  but  twice  as  far  from  P. 
The  illuminated  areas  are  the  same  size  but  W2  is 
only  one-fourth  as  brightly  lighted  as  Wi. 

lights,  however,  are  often  used  in  factories 
where  careful  machine  work  is  being  done, 
since  the  color  enables  even  poor  eyes  to  see 
better. 

Fluorescent  Lamps.  Recently  scientists  have 
found  a way  to  make  mercury  lamps  produce 
white  light.  The  inside  of  the  glass  tube  that 
will  hold  the  mercury  vapor  is  coated  with 


Courtesy  General  Electric  Co. 

Fig.  40—9.  The  illumination  falling  on  a surface  is 
measured  in  foot-candles  by  a light-meter. 
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chemicals,  such  as  zinc  sulfide,  that  glow  with 
a nearly  white  light  when  they  absorb  the 
light  of  mercury  vapor.  In  other  words,  some 
of  the  light  waves  given  off  by  the  mercury 
vapor  strike  the  molecules  of  the  substance 
on  the  glass  and  cause  them  to  emit  white 
light.  This  process  is  called  fluorescence. 
Very  little  heat  is  produced  in  this  process. 
In  other  words,  a high  proportion  of  the  elec- 
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Illumination.  The  proper  adjustment  of  arti- 
ficial light  for  human  needs  is  important.  The 
eyes  may  be  damaged  by  reading  in  a poor 
light;  that  is,  by  reading  a page  that  is  illumi- 
nated either  by  too  little  or  by  too  much  light. 
Illumination  is  measured  in  foot-candles,  a 
measurement  based  on  the  amount  of  light 
produced  by  the  standard  candle.  One  foot- 
candle  is  the  illumination  of  a surface  that  is 


Courtesy  General  Electric  Co. 

Fig.  40-10.  Proper  lighting  in  the  home. 


trie  energy  is  converted  into  light  and  rela- 
tively little  is  wasted  as  heat.  As  a result,  a 
fluorescent  lamp  is  four  times  as  eflBcient  as 
a good  incandescent  lamp. 

Thus  far  scientists  have  not  discovered  a 
satisfactory  way  of  getting  light  without  some 
heat.  Light  and  heat  appear  to  be  insepara- 
ble; whenever  we  find  one  we  find  the  other. 
Even  the  sun,  which  is  our  chief  source  of 
light,  is  also  our  main  source  of  heat. 


one  foot  from  a one-candle-power  source.  A 
16-candle-power  source  produces  16  foot- 
candles  of  illumination  at  a distance  of  1 foot; 
but  at  a distance  of  2 feet  the  illumination  is 
only  4 foot-candles,  and  at  4 feet  only  1 foot- 
candle.  In  other  words,  a stronger  lamp  pro- 
vides more  illumination  than  a weaker  one, 
but  the  illumination  decreases  rapidly  as  the 
distance  from  the  lamp  increases.  This  is 
demonstrated  by  the  diagram  in  Fig.  40-8,  in 
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which  light  leaving  the  source  point  P and 
going  toward  the  window  Wj,  continues 
toward  window  Wo  in  diverging  rays.  If  W2 
is  twice  as  far  from  P as  Wj,  the  light  will 
co\’er  four  times  the  area  at  Wo  and  will  be 
only  one-fourth  as  bright. 

Most  authorities  agree  that  for  studying  and 
reading  small  type  the  illumination  on  a page 
should  be  from  30  to  50  foot-candles.  This 
light  can  be  provided  by  a 60-watt  lamp  about 
eighteen  inches  away  from  the  work.  For  sew- 
ing on  dark  materials,  for  fine  needlework, 
and  for  precision  shopwork,  the  illumination 
should  be  as  much  as  100  foot-candles.  A foot- 
candle  meter,  shown  in  Fig.  40-9,  is  used  for 
measuring  illumination. 


Light  must  also  be  properly  distributed.  A 
bright  light  poorly  placed  causes  glare,  which 
obscures  the  work  and  tires  the  eyes.  A room 
should  have  enough  general  illumination  so 
that  the  regions  of  brightest  light  do  not  stand 
out  sharply  against  the  background.  This  con- 
dition has  been  well  met  in  the  room  shown  in 
Fig.  40-10. 

In  spite  of  the  advances  in  artificial  lighting, 
daylight  is  still  the  best  and  most  readily  avail- 
able light  source.  In  open  sunlight  the  illu- 
mination is  usually  from  500  to  1,000  foot- 
candles,  and  excellent  interior  illumination 
may  be  obtained  in  any  room  provided  with 
good  windows  and  exposure  to  the  sky. 


THINGS  TO 

Kerosene  lamps  were  invented  about  1850. 
Edison  invented  the  carbon-filament  lamp  in 
1879. 

Vapor  lamps  produce  light  by  passing  elec- 
tricity through  a gas. 


1.  From  what  kinds  of  materials  are  candles 
made? 

2.  What  are  the  chief  disadvantages  of  kero- 
sene lamps? 

3.  Describe  the  development  of  electric  fila- 
ment lamps? 

4.  Why  is  nitrogen  gas  often  used  in  modern 
filament  lamps? 

5.  Modern  fluorescent  lamps  contain  what  gas? 

6.  Define  the  term  foot-candle. 

7.  How  does  the  light  output  of  a sodium 
lamp  compare  with  that  of  an  incandescent 
filament  lamp  using  the  sam5  amount  of 
electric  power? 


REMEMBER  

In  fluorescent  lamps  the  light  of  mercury  vapor 
makes  chemicals  glow  with  a bright  white  light. 

One  foot-candle  is  the  illumination  of  a sur- 
face one  foot  from  a one-candle-power  source. 

Satisfactory  reading  illumination  for  fine  print 
is  from  30  to  50  foot-candles. 

IONS 

8.  State  two  advantages  of  the  tungsten-fila- 
ment electric  lamp  over  Edison's  carbon- 
filament  lamp. 

B 

9.  Compare  the  terms  candle  power  and  foot- 
candle. 

10.  Describe  a carbon  arc  and  explain  how  it 
operates. 

11.  Describe  the  operation  of  a vapor  lamp. 

12.  How  does  a fluorescent  lamp  differ  from  a 
neon  lamp  in  its  production  of  light? 

13.  State  one  reason  why  a fluorescent  lamp  is 
more  efficient  than  a lamp  with  a hot  fila- 
ment. 


PRO J ECT 


Measuring  Illumination.  The  illumination  in 
your  classroom  should  be  measured  with  a foot- 
candle  meter  like  the  one  shown  in  Fig.  40-9. 
If  your  school  does  not  have  one,  ask  the  electric 
light  company  if  you  may  borrow  one.  These 


instruments  are  very  delicate  and  must  not  be 
jarred  or  dropped. 

Place  the  meter  face  up  on  a desk.  Be  sure 
you  are  not  blocking  the  light.  Record  the  meter 
reading  with  the  curtains  up,  and  then  with  the 
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curtains  down  and  the  lights  on,  if  possible  on 
both  sunny  and  cloudy  days.  Is  the  illumination 
satisfactory  for  general  reading  under  all  con- 
ditions? 

Repeat  the  above  experiment  on  desks  near 


LIGHT 

the  window,  in  the  far  eorners  of  the  room,  and 
at  the  blackboard.  Is  the  room  well  lighted? 
How  might  it  be  improved?  Write  a report  on 
your  experiment. 


LIGHT  AND  ITS  EFFECTS 


Chapter 


Light  and  heat  are  closely  related;  in  fact, 
heat  radiation  is  really  a form  of  invisible  light. 
Light  and  radiant  heat  both  travel  through 
a vacuum;  otherwise  the  light  and  heat  from 
the  sun  would  not  reach  us.  Both  light  and 
radiant  heat  travel  at  the  tremendous  speed  of 
186,000  miles  a second.  At  this  speed  it  would 


take  light  only  one-seventh  of  a second  to 
travel  around  the  earth. 

An  irregular-shaped  piece  of  cardboard  held 
in  the  sunlight  will  cast  a shadow  that  has 
the  same  shape  as  the  cardboard.  This  can  be 
explained  only  by  the  fact  that  the  light  from 
the  sun  travels  in  straight  lines.  Light,  and  in 


Courtesy  New  York  Central  System 

Fig.  41—1.  The  sun's  rays  coming  through  the  windows  of  the  Grand  Central  Terminal  in  New 
York  City  show  that  light  travels  in  straight  lines, 
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Fig.  41—2.  Reflection  of  light  from  a mirror.  The 
angle  of  reflection,  B,  equals  the  angle  of  incidence,  A. 


fact  all  radiation,  travels  in  straight  lines.  If 
on  a sunny  day  you  observe  carefully  the 
shapes  and  sizes  of  the  shadows  cast  by  build- 
ings, clouds,  telegraph  poles,  and  other  ob- 
jects, you  will  see  that  they  can  be  explained 
only  by  the  fact  that  light  travels  in  straight 
lines. 

RefSection  of  Light*.  When  light  strikes  a 
flat  surface  its  direction  is  changed.  This 
change  is  known  as  reflection,  which  means 
that  the  light  is  bent  back  from  the  surface. 
The  following  demonstration  shows  how  light 
is  reflected  from  a smooth  surface. 

Demonstration  41-1.  To  Reflect  Light  from  a Mirror. 

Place  a small  mirror  flat  on  a table  in  a dark- 
ened room.  Direct  the  beam  from  a flashlight 
toward  the  mirror  as  shown  in  Fig.  41-2,  and 
hold  a large  piece  of  white  cardboard  in  the 
reflected  beam.  A little  smoke  from  a glowing 
splint  in  the  air  above  the  table  will  help  to 
make  the  light  visible.  To  sharpen  the  beam, 
the  face  of  the  flashlight  should  be  covered  by 
a piece  of  black  cardboard  that  has  a hole  about 
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a quarter  of  an  ineh  in  diameter  plaeed  between 
the  center  and  the  edge  of  the  lens. 

Follow  the  path  of  the  light  from  the  flash- 
light to  the  white  cardboard,  and  with  a pro- 
tractor measure  the  angles  A and  B shown  in 
the  figure.  These  are  the  angles  between  the 
beam  of  light  and  the  perpendicular.  Angle 

A,  the  angle  at  which  the  light  strikes  the 
mirror,  is  called  the  angle  of  incidence;  angle 

B,  the  angle  at  which  the  light  is  reflected 
from  the  mirror,  is  called  the  angle  of  reflec- 
tion. How  do  these  angles  compare?  Change 
angle  A by  moving  the  flashlight  and  move 
the  white  cardboard  until  it  is  again  in  the 
path  of  reflected  light.  Again  measure  and 
compare  angles  A and  B. 

You  will  find  that  the  angle  at  which  a light 
beam  is  reflected  from  a mirror  is  always  equal 
to  the  angle  at  which  it  strikes  the  mirror.  In 
other  words,  when  light  is  reflected  from  a 
smooth  surface,  the  angle  of  reflection  equals 
the  angle  of  incidence. 

When  light  is  reflected  from  a surface  that 
is  not  perfectly  smooth,  it  is  scattered  in  all 
directions.  This  is  called  diffuse  reflection, 
and  light  reflected  in  this  way  is  called  diffuse 
light. 

Objects  that  reflect  only  a small  amount  of 
the  light  that  falls  on  them  and  allow  most 
of  it  to  pass  through  them  are  said  to  be  trans- 
parent. Glass,  water,  and  many  plastics,  for 
example,  are  transparent.  Objects  that  permit 
no  light  to  pass  through  are  opaque.  There 
are  countless  opaque  objects  all  around  us. 
Other  materials  let  some  light  pass  through 


Fig.  41—3.  The  diagram  at  the  left  shows  regular  reflection;  the  one  at  the  right,  diffuse 

reflection. 


373 


LIGHT  AND  ITS  EFFECTS 

them  but  scatter  most  of  the  light  that  strikes 
them.  Such  materials  are  said  to  be  translu- 
cent. The  glass  on  most  light  bulbs,  for  ex- 
ample, is  translucent  in  order  to  produce  soft 
shadows. 

Images  in  a Plane  Mirror.  When  we  want 
to  see  an  image  of  ourselves,  we  look  in  a 
mirror.  How  and  where  is  this  image  formed? 
The  position  of  the  image  in  a plane  mirror 
can  be  found  by  the  following  method. 

Demonstration  41-2.  An  Image  in  a Plane  Mirror. 

Draw  a long  straight  line  in  the  middle  of  a 
large  piece  of  paper.  Then  place  the  paper  over  a 
sheet  of  thick  cardboard  on  a table  and  support 
a small  mirror  vertically  so  that  its  back  edge  lies 


Fig.  41—4.  Sighting  the  image  of  a large  pin  in  a 
plane  mirror. 


along  the  line.  Next  stick  a large  pin  vertically 
into  the  paper  about  four  inches  from  the  front 
surface  of  the  mirror  as  shown  in  Fig.  41-4. 
Now,  with  one  eye  closed,  locate  the  image  of 
the  pin  by  looking  into  the  mirror  along  the 
table.  Then  stick  two  small  pins  into  the  paper 
along  the  line  of  sight  of  the  image  and  as  far 
apart  as  possible,  as  shown  in  Fig.  41-4.  These 
pins  must  be  exactly  lined  up  with  the  image 
of  the  large  pin.  The  image  of  the  large  pin 
lies  along  this  line.  Now  repeat  the  process  sight- 
ing along  a different  direction.  The  image  of 
the  large  pin  also  lies  along  this  line.  Remove 
the  pins  and  the  mirror  and,  with  a ruler  draw  a 
diagram  like  that  in  Fig.  41-5,  using  the  pin- 
holes in  the  paper  to  determine  the  lines. 

Since  the  light  from  the  large  pin  is  reflected 
from  the  mirror  according  to  the  law  of  re- 
flection, angle  A equals  angle  B,  and  angle  C 
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Fig.  41—5.  Locating  the  image  of  a large  pin  in  a 
plane  mirror. 


equals  angle  D.  Extend  the  lines  of  the  two 
reflected  rays  behind  the  mirror.  They  inter- 
sect at  a point  O'.  This  means  that  to  the 
eye  the  two  reflected  rays  appear  to  be  coming 
from  this  point,  since  we  always  judge  the 
position  of  an  object  by  assuming  that  the 
light  has  traveled  in  a straight  path  from 
the  object  to  the  eye.  Point  O'  is  therefore  the 
position  of  the  image,  and  the  pin  appears  to 
be  at  this  point.  Careful  measurements  on  the 
diagram  show  that  this  image  of  the  pin  is  as 
far  behind  the  mirror  surface  as  the  pin  is  in 
front  of  it. 

Curved  Reflectors.  The  fact  that  the  direc- 
tion of  light  rays  can  be  changed  by  reflection 
has  been  used  to  make  many  useful  optical 
devices.  For  example.  Fig.  41-6  shows  how  a 
concave  reflecting  surface  can  be  u-sed  to  ob- 


Fig.  41—6.  A curved  reflector  focuses  light  into  a 
narrow  beam  of  parallel  rays  from  a source  placed 
at  the  principal  focus. 
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tain  a powerful  beam  of  light.  The  rays  of 
light  from  the  source  go  out  in  all  directions 
but  some  of  them  are  concentrated  into  a 
narrow  beam  of  parallel  rays  by  reflection 
from  the  curved  surface.  This  is  because  the 
light  source  is  placed  at  the  so-called  principal 
focus  of  the  reflector.  Curved  mirrors  of  this 
type  are  used  in  searchlights,  flashlights,  and 
automobile  headlights  for  concentrating  light 
into  a narrow  beam. 


Courtesy  U.S.  Army 

Fig.  41'-7.  Searchlights  such  as  these  have  concave 
reflecting  surfaces. 


Demonstration  41-3.  To  Concentrate  Light  with  a 
Concave  Mirror. 

Mount  a large  concave  mirror  so  that  it  is 
directly  facing  the  sun.  Hold  a small  piece  of 
paper  in  front  of  the  mirror  and  move  it  back 
and  forth  until  a bright  spot  on  the  paper  shows 
where  the  parallel  rays  from  the  sun  are  concen- 
trated. This  point  is  the  principal  focus.  The 
distance  between  the  center  of  the  mirror  and 
the  principal  focus  is  called  the  focal  length. 

A concave  mirror  can  also  be  used  to  form 
images  of  objects  placed  in  front  of  it.  In 
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the  reflecting  telescope  on  Mount  Palomar  a 
coneave  mirror  200  inches  in  diameter  forms 
images  of  the  heavenly  bodies.  Let  us  now 
use  a eoneave  mirror  to  see  how  images  are 
formed. 

Demonstration  41-4.  To  Produce  a Real  Image  with  a 
Concave  Mirror. 

In  a darkened  room  place  a lighted  candle  and 
a concave  mirror  about  6 feet  apart  on  a table. 


Fig.  41—8.  Real  images  formed  by  a concave  mirror.  I 
The  image  is  magnified  in  (o)  and  diminished  in  (fa).  | 
(Note:  In  this  and  other  diagrams  in  this  chapter, 
for  reasons  of  clarity  rays  of  light  are  shown  as 
leaving  only  one  point  on  the  object.  Actually,  they 
leave  all  points.) 

Hold  a piece  of  tissue  paper  in  front  of  the  mir- 
ror. Move  the  paper  back  and  forth  until  a clear 
image  of  the  candle  flame  appears  on  the  paper. 

You  will  notice  that  the  image  of  the  flame 
is  upside  down;  it  may  be  either  larger  or 
smaller  than  the  flame.  This  type  of  image  is 
known  as  a real  image. 

Fig.  41-8  shows  how  both  a larger  and  a 
smaller  image  are  formed.  The  line  AB 
through  the  center  of  the  mirror  is  ealled  the 
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principal  axis  of  the  mirror.  The  light  from 
the  top  of  the  flame  that  goes  out  parallel  to 
the  principal  axis  is  reflected  so  as  to  cross  it 
at  the  principal  focus.  A ray  from  the  top 
of  the  flame  that  goes  through  the  principal 
focus  before  striking  the  mirror  will  be  re- 
flected along  a direction  parallel  to  the  princi- 
pal axis.  These  two  rays  cross  at  P.  Actually 
all  the  rays  that  diverge  from  the  top  of  the 
flame  and  strike  the  mirror  must  converge  at 
this  point.  Hence  we  have  light  rays  diverging 
from  this  point  just  as  though  the  top  of  the 
flame  were  located  there.  This  point  is  there- 
fore the  position  of  the  image.  Similarly,  all 
the  rays  from  the  base  of  the  flame  come  to  a 
focus  at  Q. 


The  images  shown  in  Fig.  41-8  are  real 
images  because  the  light  actually  comes  to  a 
focus  and  diverges  from  the  point  where  we 
see  the  image.  Another  type  of  image  is  ob- 
tained from  a concave  mirror  when  the  object 
is  closer  to  the  mirror  than  the  principal  focus. 

Demonstration  41-5.  To  Produce  a Virtual  Image  with 
a Concave  Mirror. 

Hold  a lighted  candle  a few  inches  from  a 
concave  mirror.  Look  into  the  mirror  at  the 
image  that  is  formed  and  you  will  notice  that 
it  is  right  side  up  and  is  magnified.  The  forma- 
tion and  position  of  such  an  image  is  shown  by 
the  ray  diagram  in  Fig.  41-9. 

Notice  that  the  light  does  not  actually 
diverge  from  the  position  of  the  image  but 
only  appears  to  diverge.  This  image  is  called 


a virtual  image.  Concave  mirrors  are  used  in 
this  manner  for  shaving  and  for  applying 
make-up  because  of  the  magnification  of  the 
virtual  image. 

Reflecting  telescopes,  such  as  that  on 
Mount  Palomar,  use  a concave  reflector  to 
produce  an  effect  just  the  opposite  of  that  of 
a headlight  reflector.  Here  the  parallel  rays 
from  an  object,  such  as  the  moon  or  a planet, 
are  concentrated  by  a curved  reflector  and 
then  directed  through  an  eyepiece  so  that  the 


Courtesy  Batisch  and  Lomb  Optical  Co. 

Fig.  41  — lOA.  Refraction  of  light  by  water.  This 
painting  depicts  Alhazen,  famous  1 1 th  century  Ara- 
bian scholar,  studying  this  phenomenon,  which  led 
him  to  dispute  the  ancient  theory  that  visual  rays 
emanate  from  the  eye. 

image  appears  larger  than  when  the  object  is 
seen  with  the  naked  eye. 

Refraction  of  Light.  If  a stick  is  partly  im- 
mersed in  a pail  of  water,  it  appears  to  be  bent 
at  the  point  where  it  enters  the  water.  This 
apparent  bending  is  due  to  the  fact  that  the 
light  coming  from  the  stick  beneath  the  sur- 
face of  the  water  is  bent  just  as  it  leaves  the 
water.  The  bending  of  light  in  this  manner 
is  called  refraction.  It  can  be  shown  in  the 
following  way. 


376 


Demonstration  41-6.  The  Refraction  of  Light. 

Half  fill  a large  round-bottom  flask  (1,000  cc.) 
with  starch  solution  and  in  a darkened  room 
direct  the  beam  of  a flashlight  through  the  water 
as  shown  in  Fig.  41-11.  Find  the  emerging 
beam  of  light  with  a piece  of  white  cardboard. 
A little  smoke  in  the  flask  from  a glowing  splint 
will  make  the  beam  more  visible  in  the  air. 

Imagine  a line  drawn  perpendicular  to  the 
surface  of  the  solution  through  the  point  at 
which  the  beam  of  light  enters.  You  will 
then  see  that  as  the  light  goes  from  the  air 
into  the  water  it  is  actually  bent  toward  the 
perpendicular.  If  the  light  were  going  from 


Courtesy  General  Motors  Corp. 
Fig.  41  — lOB.  Refraction  of  light  by  a prism. 


the  water  into  the  air  it  would  follow  the  same 
path  but  in  the  reverse  direction;  that  is,  as 
it  left  the  water  it  would  be  bent  away  from 
the  perpendicular. 

These  facts  can  be  summarized  in  the  Law 
of  Refraction,  which  states;  Whenever  light 
goes  from  a less  dense  medium  to  a more 
dense  medium,  it  is  bent  toward  the  perpen- 
dicular; conversely,  whenever  it  goes  from  a 
more  dense  to  a less  dense  medium,  it  is  bent 
away  from  the  perpendicular. 

The  results  of  this  experiment  explain  why 
a stick  partly  immersed  in  water  appears  bent. 
The  light  from  the  submerged  part  of  it  is 
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bent  away  from  the  perpendicular  upon 
emerging  from  the  water.  As  a result,  the  light 
comes  to  our  eye  in  such  a direction  that  each 
of  the  submerged  parts  of  the  stick  appears 
to  be  a little  higher  than  it  really  is.  This  is 
shown  by  Fig.  41-12. 

When  the  Indians  shot  fish  underwater  with 
bows  and  arrows  they  were  confronted  with 
this  effect  in  aiming  at  their  targets.  For, 
unless  they  were  shooting  vertically  downward 
into  the  water,  they  found  by  experience  that 


to  hit  the  fish  they  had  to  aim  a little  below 
where  it  appeared  to  be. 

Another  interesting  demonstration  of  refrac- 
tion can  be  performed  with  a small  bowl,  a 
coin,  and  some  water. 

Demonstration  41-7.  Seeing  Over  the  Edge  of  a Dish  by 
Refraction. 

Place  a coin  in  the  bottom  of  a shallow  dish 
or  bowl  and  sight  over  the  edge  of  the  bowl, 
lowering  your  head  until  the  coin  just  disappears 
from  view  behind  the  edge  of  the  dish.  Without 
moving  your  head,  slowly  pour  water  into  the 
dish.  As  the  surface  of  the  water  rises  the  coin 


light  and  its  effects 


377 


STICK 


Fig.  41—12.  A stick  appears  bent  in  water  because 
light  from  point  Q on  the  stick  is  bent  as  it  leaves 
the  water  and  the  eye  sees  this  point  on  tf.e  stick  at 
P instead  of  at  Q.  All  other  parts  of  the  stick  that 
are  submerged  appear  at  different  positions  so  that 
the  image  of  the  submerged  stick  appears  along  PS. 

will  come  back  into  view.  Fig.  41-13  shows  the 
path  of  the  light  and  the  position  of  the  image 
of  the  coin. 

Lenses.  A curved  piece  of  glass,  called  a lens, 
is  also  used  to  bend  light  rays  so  that  they  can 
be  put  to  practical  use.  Fig.  41-14  shows  two 
types  of  lenses,  convex  and  concave,  that  are 
used  in  optical  instruments.  A convex  lens  is 
thicker  in  the  middle  than  at  the  edges.  A 
concave  lens  is  thicker  at  the  edges  than  in  the 
middle. 

A convex  lens  can  be  used  to  concentrate 
both  light  and  heat  at  a point  called  the 
principal  focus.  Indeed,  before  the  invention 
of  the  Bunsen  burner,  the  heat  of  the  sun  was 
concentrated  in  this  way  to  provide  heat  for 
chemical  reactions. 


refraction. 


Fig.  41—14.  Refraction  of  light  by  convex  (top)  and 
concave  (bottom)  lenses. 


Demonstration  41-8.  To  Use  a Convex  Lens  to 
Concentrate  the  Rays  of  the  Sun. 

Hold  a large  convex  lens  between  a piece  of 
white  cardboard  and  the  sun.  Move  the  lens 
until  a small  bright  spot  appears  on  the  card- 
board. The  bright  spot  is  an  image  of  the  sun, 
and  the  sun's  light  is  concentrated  at  the  prin- 
cipal focus  of  the  lens. 

Fig.  41-15  shows  the  path  of  the  sun’s  rays 
through  the  lens.  Notice  how  the  rays  are 
bent  as  they  pass  through  different  parts  of 
the  lens.  This  type  of  bending  may  be  used  to 
produce  pictures  of  images  of  objects  on  a 
screen,  as  shown  by  the  following  demonstra- 
tion. 

Demonstration  41-9.  To  Produce  a Real  Image  with  a 
Convex  Lens. 

In  a darkened  room  arrange  a large  white  card- 
board screen  and  a candle  flame  on  a table  as 


Fig.  41—15.  The  sun's  rays  are  concentrated  at  the 
principal  focus  of  a convex  lens. 
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shown  in  Fig.  41-16.  Now  place  a convex  lens 
between  the  candle  flame  and  the  cardboard 
screen  and  move  the  lens  back  and  forth  until 
an  image  of  the  flame  appears  on  the  screen. 

The  diagram  in  Fig.  41-17  shows  how  the 
image  is  produced.  All  the  light  from  the  top 
of  the  flame  that  passes  through  the  lens 


hig.  41  — 16.  A real  image  produced  by  a convex  lens. 


comes  to  a focus  at  point  ?,  while  all  the 
light  from  the  bottom  of  the  flame  comes  to 
a focus  at  Q;  and  in  the  same  way  light  from 
all  the  other  parts  of  the  flame  come  to  a focus 
at  the  corresponding  points  between  P and  Q. 

This  image  will  be  larger  or  smaller  than 
the  object,  depending  on  the  distance  between 
the  object  and  the  lens.  If  this  distance  is 
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Fig.  41—17.  Formation  of  a real  image  by  a convex 
lens. 


greater  than  the  focal  length  of  the  lens  but 
less  than  twice  the  focal  length  of  the  lens, 
the  image  will  be  real,  inverted,  and  magni- 
fied. If  it  is  greater  than  twice  the  focal 
length,  it  will  be  real,  inverted,  and  dimin- 
ished. 

As  in  the  case  of  a concave  mirror,  a virtual, 
erect,  and  enlarged  image  is  formed  if  the 


object  is  placed  closer  to  the  lens  than  the 
principal  focus.  This  is  exactly  what  happens 
when  a convex  lens  is  held  close  to  a printed 
page  or  a small  object  and  used  as  a magnify- 
ing glass. 
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Fig.  41—18.  An  enlarged  virtual  image  is  formed  by 
a convex  lens  used  as  a magnifying  glass. 


Demonstration  41-10.  To  Use  a Convex  Lens  as  a 
Magnifying  Glass. 

Using  a convex  lens  as  a magnifying  glass, 
examine  some  small  objeets,  such  as  the  fibers 
in  a pieee  of  cloth,  grains  of  salt,  or  a piece  of 
wood.  What  can  you  see  that  you  did  not  notiee 
with  your  naked  eye? 

Fig.  41-18  shows  how  the  image  is  formed 
when  a eonvex  lens  forms  a virtual  image.  How 
do  you  know  from  the  diagram  that  the  image 
is  virtual? 


Fig.  41—19.  Formation  of  an  image  in  a concave  lens. 

Convex  lenses,  as  we  shall  see  in  the  next 
chapter,  are  used  in  many  optieal  instruments 
sueh  as  teleseopes,  mieroseopes,  and  cameras. 

A concave  lens  always  produees  an  erect, 
virtual,  and  diminished  image  of  the  object 
regardless  of  the  position  of  the  object.  Fig. 
41-19  shows  how  and  where  an  image  is 
formed  by  such  a lens.  Concave  lenses  are 
used  in  eyeglasses  to  correct  nearsightedness 
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■ THINGS  TO 

Light  travels  at  a speed  of  186,000  miles  per 
second. 

Light  travels  in  straight  lines. 

When  light  is  reflected  from  a smooth  surface, 
the  angle  of  reflection  is  equal  to  the  angle  of 
incidence. 

Tlie  image  in  a plane  mirror  is  always  as  far 
behind  the  mirror  as  the  object  is  in  front  of  it. 

Light  rays  always  are  bent  or  refracted  toward 


1 . What  is  the  speed  of  light? 

2.  What  is  diffuse  light? 

3.  Give  an  example  of:  (a)  a transparent  sub- 
stance; (b)  an  opaque  substance;  (c)  a 
translucent  substance. 

4.  What  is  meant  by  the  reflection  of  light? 

5.  Where  is  the  image  formed  in  a plane  mir- 
ror? 

6.  Name  three  optical  devices  that  contain 
lenses. 

7.  For  each  of  the  following  blanks  supply  the 
word  transparent,  translucent,  or  opaque: 
{a)  Cellophane  is  — ? — . 

{b)  Coal  is  — ? — . 

(c)  Water  is  — ? — . 

(d)  Wax  paper  is  — ? — . 

8.  Complete  each  of  the  following  by  supply- 
ing the  correct  word  or  phrase. 

(a)  Light  is  refracted  when  it  passes 
through  the  — ? — of  a magnifying 
glass. 

(b)  A convex  lens  is  — ? — in  the  middle 
than  at  the  edges. 

(c)  When  light  travels  from  a more  dense 
substance  to  a less  dense  substance  it 
is  bent  — ? — the  perpendicular. 

9.  Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

[a)  When  light  is  reflected  from  a smooth 


REMEMBER  

the  perpendicular  when  they  pass  from  a less 
dense  to  a more  dense  substance,  and  away  from 
the  perpendicular  when  they  pass  from  a more 
dense  to  a less  dense  substance. 

Concave  mirrors  are  used  to  concentrate  light 
and  produce  images. 

A lens  is  a piece  of  glass  with  curved  surfaces 
that  is  used  to  bend  light  rays  and  produce 
images. 

TIONS 

surface  the  angle  of  incidence  equals 
the  angle  of  reflection. 

(b)  Light  always  travels  in  curved  lines. 

(c)  Light  transmitted  by  a perfectly 
smooth  piece  of  glass  is  called  trans- 
parent light. 

(d)  Light  will  not  pass  through  an  opaque 
object, 

(e)  Lenses  are  used  to  refract  light. 

( f)  A plane  mirror  always  forms  a real 
image. 

B 

10.  Describe  two  methods  of  concentrating 
light  at  a point. 

1 1 . Describe  an  experiment  that  shows  how 
light  is  refracted. 

12.  What  is  the  nature  of  the  image  formed  by 
an  object  in  front  of  a convex  mirror? 

13.  Is  the  image  in  a plane  mirror  real  or  vir- 
tual? Give  a reason  for  your  answer. 

14.  An  object  is  placed  3 inches  in  front  of  a 
lens  with  a focal  length  of  2 inches.  Show 
by  a diagram  where  the  image  will  be 
formed,  and  describe  the  image. 

15.  An  object  is  placed  3 inches  in  front  of  a 
lens  with  a focal  length  of  5 inches.  Show 
by  a diagram  where  the  image  will  be 
formed,  and  describe  the  image. 

The  project  for  this  chapter  will  be  found  on 
the  next  page. 
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To  Make  a Periscope.  A simple  periscope  is  easy 
to  construct.  It  can  be  used  for  looking  over 
fences  and  to  see  over  other  people’s  heads  in  a 
crowd. 

Make  a long  rectangular  wooden  box  out  of 
thin  wood.  It  should  be  about  2 or  3 feet  long 
(the  shorter  the  tube,  the  greater  the  field  of 
vision)  and  about  4 or  5 inches  square.  Cut  two 
square  holes  close  to  the  ends  on  opposite  sides 
of  the  box  and  glue  two  mirrors  into  these  holes 
at  a 45-degree  angle,  as  shown  in  Fig.  41-20. 
You  can  use  cheap  mirrors  and  have  them  cut 
to  size  at  a hardware  store.  The  whole  apparatus 
can  be  painted  black,  both  inside  and  out,  and 
a handle  can  be  attached  to  each  side  near  the 
base. 


Fig.  41—20.  A simple  periscope. 


OPTICAL  INSTRUMENTS 


Chapter  42 


The  principles  of  reflection  and  refraction 
are  applied  in  optical  instruments.  In  this 
chapter  vve  shall  study  some  of  these  instru- 
ments— the  camera,  the  human  eye,  the  micro- 
scope, and  the  telescope — and  in  the  next 
chapter  we  shall  discuss  the  spectroscope. 

A Simple  Camera.  A simple,  inexpensive 
camera  consists  of  a light-tight  box  with  a con- 
\'ex  lens  mounted  at  one  end  and  a photo- 
graphic film  at  the  other  (see  Fig.  42-1),  A 


camera. 

shutter,  mounted  in  front  of  the  lens,  is  opened 
only  at  the  instant  a picture  is  being  taken.  At 
this  instant  light  from  the  objects  being  photo- 
graphed passes  through  the  lens  and  is  bent  to 
form  an  image  on  a filrn  coated  with  a chemi- 
cal that  is  sensitive  to  light.  When  properly 
developed,  the  film  holds  a permanent  impres- 
sion of  the  image,  thereby  forming  a negative. 

All  cameras,  regardless  of  their  price,  oper- 
ate in  this  manner,  but  in  order  to  get  pictures 
under  poor  conditions,  various  devices  are 
added  and  better  lenses  are  used. 


Many  people  find  it  interesting  to  carry 
through  the  whole  photographic  process  by 
developing  their  films  and  printing  their  pic- 
tures themselves.  Although  the  process  is 


Courtesy  U.S.  Navy 

Fig.  42—2.  An  aerial  camera. 


fairly  involved,  the  principles  can  be  presented 
simply, 

A film  usually  consists  of  a plastic  strip 
coated  with  a layer  of  gelatin.  Dispersed  in 
the  gelatin  are  small  light-sensitive  crystals  of 
a substance  such  as  silver  bromide.  When 
light  hits  the  crystals  a change  occurs  in  their 
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structure,  and  they  ean  be  reduced  to  metallie 
silver  more  easily  after  exposure  than  before. 
The  metallie  silver  is  blaek  and  makes  the 
photographie  negative. 

In  taking  a pieture,  the  film  is  exposed  for 
a moment  by  opening  and  elosing  the  shutter. 
It  is  then  developed;  that  is,  in  a speeial  solu- 
tion the  exposed  parts  are  reduced  to  silver. 
The  unexposed  parts  must  be  dissolved  with 
hypo  (sodium  thiosulfate)  so  that  they  will 


Fig.  42— 3A.  A negative. 

not  turn  black  after  a long  time.  After  the 
film  has  been  washed  and  dried,  it  is  a nega- 
tive, showing  the  picture  in  reverse,  as  in  Fig. 
42-3A. 

A print,  or  ordinary  pieture,  is  made  by  plac- 
ing the  negative  in  eontact  with  a pieee  of 
photographic  paper  eoated  with  a light-sensi- 
tive emulsion  similar  to  that  on  film  and  then 
exposing  the  paper  to  light  through  the  nega- 
tive. This  paper  is  then  developed,  fixed  in 
hypo,  washed,  and  dried.  If  all  steps  have 
been  performed  correetly,  the  print  will  be  a 
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pieture,  called  a positive,  of  the  original  seene 
to  whieh  the  film  was  exposed. 

The  Eye.  The  human  eye  is  the  most  sensitive 
of  all  optieal  instruments.  Like  the  eamera, 
the  eye  is  a light-tight  compartment,  but  it  is 
spherical  in  shape.  Like  the  camera,  it  has  a 
lens  in  front  and  a sensitive  film  at  the  baek 
on  whieh  images  are  focused. 

But  here  the  similarity  between  the  eye  and 


Fig.  42— 3B.  A positive  print. 

the  camera  ends.  The  film  of  a eamera  is 
shielded  from  light  until  the  instant  the  expo- 
sure is  made.  After  the  exposure  the  pieture 
must  be  developed.  Moreover,  the  film  ean 
take  only  one  exposure;  otherwise,  it  is  spoiled. 
The  sensitive  film  of  the  eye,  on  the  other 
hand,  reeeives  impressions  continuously,  and 
these  impressions  are  “developed"  instantly. 
In  this  respeet  the  eye  is  more  like  a television 
camera  than  like  a photographie  eamera.  The 
light-sensitive  film  in  the  eye  is  ealled  the 
retina. 
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The  Retina.  The  retina  is  a delicate  film 
about  inch  thick.  It  consists  of  the  cells 
of  nerve  endings  that  are  sensitive  to  light,  and 
it  is  connected  to  the  brain  by  “transmission 
lines”  which  make  up  the  optic  nerve. 

The  cells  at  the  center  of  the  retina  are 
cone-shaped  and  are  called  cones;  those  along 
the  edges  are  rod-shaped  and  are  called  rods. 
The  cones  and  rods  serve  different  purposes. 
With  the  cones  we  see  details  and  distinguish 
colors  during  the  daytime.  But  the  cones  do 
not  function  in  darkness,  and  on  a very  dark 


Fig.  42— 4A.  The  eye. 

night  the  center  of  the  eye  is  blind.  The  rods, 
on  the  other  hand,  do  not  see  details  sharply, 
but  they  are  far  more  sensitive  to  light  than 
the  cones.  At  night,  therefore,  they  respond  to 
the  faintest  light,  so  that,  if  the  atmosphere 
is  clear,  we  can  see  a candle  flame  as  far  as  14 
miles  away.  Thus  we  really  have  two  kinds  of 
vision — day  vision  and  night  vision. 

How  sensitive  are  our  eyes?  With  how  little 
light  can  we  see?  Though  we  can  easily  see  by 
full  moonlight,  our  vision  is  not  keen;  grass 
and  leaves  of  trees,  for  example,  appear  gray, 
not  green.  Full  moonlight  is  only  %o  foot' 
candle.  Starlight  is  even  dimmer — it  may  be 


only  one-thousandth  as  bright  as  moonlight— 
yet  we  see  by  it,  although  the  outlines  of  ob- 
jects are  blurred. 

As  we  step  from  a well-lighted  room  into  the 
darkness  of  night  we  are  at  once  aware  of 
the  different  responses  of  the  rods  and  cones. 
The  cones  no  longer  act,  and  the  rods  require 
some  minutes  to  regain  their  sensitivity,  so 
that  we  become  temporarily  blind. 

Most  animals  have  both  day  and  night 
vision,  but  some  have  only  one  kind.  Owls 
and  mice,  for  instance,  have  only  night  vision, 
and  are  therefore  active  at  night.  Many  birds, 
on  the  other  hand,  have  only  day  vision. 


Fig.  42— 4B.  The  lens  of  the  eye  acts  like  the  lens 
of  a camera,  the  retina  of  the  eye  like  the  film  in  a 
camera. 


When  it  gets  dark,  chickens  go  to  roost,  and 
hawks  go  to  their  nests. 

Eye  Defects.  The  eye  is  a complex  mecha- 
nism. It  is  not  surprising,  therefore,  that  all 
its  parts  do  not  always  function  perfectly.  Few 
of  us  are  entirely  free  of  eye  defects,  although 
our  particular  defect  may  be  minor.  To  cor- 
rect nearsightedness,  or  farsightedness,  or 
astigmatism,  we  wear  glass  lenses. 

In  normal  vision  the  muscles  of  the  eye  flat- 
ten or  round  out  the  lens  to  change  its  focal 
length  so  that  a sharp  image  of  either  a distant 
or  a close  object  is  formed  on  the  retina.  In 
nearsighted  persons,  however,  the  eyeball  is 
so  long  that  the  image  of  a distant  object  is 
formed  in  front  of  the  retina  and  is  therefore 
blurred.  Objects  that  are  close  to  the  eye  can 
be  seen  clearly,  since  the  image  of  nearby 
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objects  is  formed  well  behind  the  lens.  Near- 
sightedness can  be  corrected  with  concave  lens 
placed  directly  in  front  of  the  eye,  as  shown 
in  Fig.  42-5.  Farsighted  persons  cannot  see 
clearly  objects  that  are  very  close  to  the  eye 
because  the  eyeball  is  so  short  that  the  image 
forms  behind  the  retina,  as  shown  in  Fig.  42-6. 
This  condition  can  be  corrected  with  a convex 
lens.  If  you  wear  glasses,  are  they  concave  or 
convex?  Are  you  nearsighted  or  farsighted? 

CLEAR  IMA'gE 


HERE 


CONCAVE 

LENS 


Fig.  42—5.  The  eyeball  in  a nearsighted  eye  (a)  is 
too  long  and  gives  a blurred  image  of  distant  objects 
on  the  retina.  Glasses  with  concave  lenses  (b)  will 
^ correct  nearsightedness. 

In  some  eyes  the  cornea,  which  is  in  front 
of  the  lens,  is  not  curved  equally  all  over  its 
surface.  This  causes  an  image  to  be  formed 
that  is  sharper  in  one  direction  than  in  other 
directions.  This  defect  is  called  astigmatism. 
It  is  the  most  common  eye  defect,  although  in 
many  cases  it  usually  is  not  serious  enough  to 
require  correction.  However,  it  too  can  be  cor- 
rected by  glasses.  You  can  test  your  eyes  for 
astigmatism  by  using  Fig.  42-7.  Slowly  turn 
the  book  around  while  looking  at  the  diagram. 
If  one  set  of  lines  first  looks  sharper  than  the 
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others  and  then,  with  further  turning,  be- 
comes blurred  while  the  other  lines  become 
sharp,  you  have  astigmatism. 

The  Microscope.  The  microscope  has  made 
it  possible  for  man  to  see  and  study  objects  too 
small  to  be  seen  by  the  unaided  eye.  A good 
microscope  may  increase  the  apparent  size  ot 
small  objects  as  much  as  two  thousand  times. 
It  is  used  in  many  different  scientific  fields. 


BLURRED  IMAGE 
ON  RETINA 


Fig.  42—6.  The  eyeball  in  a farsighted  eye  (a)  is  too 
short  and  gives  a blurred  image  of  nearby  objects 
on  the  retina.  Glasses  with  convex  lenses  (b)  will 
correct  farsightedness. 

such  as  biology,  geology,  metallurgy,  chemis- 
try, and  medicine.  The  geologist  examines  a 
thin  slice  of  rock  to  discover  its  nature;  the 
metallurgist  examines  the  structure  of  steel  to 
predict  its  properties;  the  biologist  examines 
bacteria  to  learn  about  the  control  and  preven- 
tion of  disease. 

Fig.  42-8  shows  the  construction  of  the 
microscope.  The  objective  lens  is  very  small, 
and  the  microscope  is  adjusted  so  that  the 
object  is  just  outside  the  principal  focus  of  the 
lens.  This  forms  an  enlarged  real  image,  and 
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this  image  serves  as  the  object  for  the  eyepiece, 
a larger  convex  lens  which  is  in  such  a position 
fehat  the  real  image  is  just  inside  its  principal 
focus.  The  final  image  seen  by  the  eye  is  thus 


Fig.  42—7.  A chart  to  test  for  astigmatism. 

a magnified  virtual  image.  Notice  that  this 
final  image  is  inverted  with  respect  to  the 
original  object,  and  objects  therefore  appear 
to  be  upside  down. 

TELESCOPES 

There  are  two  kinds  of  telescopes — astro- 
nomical and  terrestrial.  In  an  astronomical 
telescope,  as  explained  below,  everything  is 
seen  inverted.  Since  such  telescopes  are  used 
mainly  in  photographing  heavenly  bodies,  this 
is  not  important.  A terrestrial  telescope,  on 
the  other  hand,  must  give  an  erect  image  to 
avoid  confusion  when  observing  ships  and 
other  objects  on  the  surface  of  the  earth.  It 
therefore  has  a lens  between  the  objective  and 
the  eyepiece  to  make  the  image  erect. 
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Refracting  Astronomical  Telescopes.  Fig. 
42-9  shows  an  astronomical  telescope  that  uses 
a lens  for  an  objective  and  is  called  a refracting 
telescope.  Since  the  object  is  always  at  a great 


Fig.  42—8.  Formation  of  image  in  a microscope. 

distance  from  the  lens,  the  light  from  the 
object  comes  to  the  lens  in  nearly  parallel  rays, 
giving  a diminished  real  image  at  the  principal 
focus  of  the  large  objective  lens.  This  image  is 
then  viewed,  as  in  a microscope,  by  a smaller 
eyepiece  lens  that  forms  an  enlarged  virtual 
final  image,  as  shown  in  the  diagram. 

Reflecting  Astronomical  Telescopes.  The 

first  reflecting  telescope  ,was  built  by  Sir  Isaac 
Newton  in  the  17th  century.  Instead  of  an 
objective  lens  this  type  of  telescope  employs  a 
concave  mirror  for  collecting  light  waves.  In 
principle  modern  telescopes  are  the  same  as 
Newton's,  but  in  size  they  are  giants  by  com- 
parison. 

Since  a lens  must  be  accurately  ground  on 
both  faces,  it  is  difficult  to  make  large  accu- 
rate lenses  for  refracting  telescopes.  A mirror 
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Fig.  42—9.  A diagram  of  a simple  refracting  astronomical  telescope. 
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needs  to  be  ground  accurately  on  one  side 
only  and  then  silvered.  Therefore  the  largest 
modern  astronomical  telescopes  are  reflecting 
and  use  a concave  mirror  instead  of  a convex 
lens. 

The  Camera  Ati-achmenf-.  Large  astronomi- 
cal telescopes,  whether  refracting  or  reflecting, 
are  rarely  used  for  direct  observation;  they  are 
used  with  cameras.  There  are  several  reasons 
for  this.  Unlike  observations  made  by  one 
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Fig.  42—10.  The  Mount  Palomar  Observatory,  which 
houses  the  largest  (200-inch)  reflecting  telescope  in 
the  world. 

astronomer,  a photographic  plate  makes  pic- 
tures available  to  all  astronomers  who  wish  to 
study  a particular  region  of  the  skies.  Then 
again,  the  camera  records  many  distant  stars 
that  the  eye  cannot  see.  The  reason  for  this 
is  fairly  obvious.  Suppose  you  are  looking  at 
a faint  star  through  a telescope.  No  matter 
how  long  you  look  at  it,  the  star  does  not 
become  any  brighter.  This  is  not  true  of  a 
camera.  If  light  strikes  a photographic  plate 
for  a few  seconds,  a certain  amount  of  detail 
is  recorded;  and  if  the  length  of  exposure  is  in- 
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creased,  fainter  detail  is  recorded.  That  is,  the 
cumulative  effect  of  photographic  exposure  en- 
ables the  camera  to  record  many  details  that 
the  eye  cannot  see. 

The  Site  of  the  Telescope.  You  probably 
have  noticed  that  astronomical  telescopes  are 
usually  located  on  high  plateaus,  far  from 
cities.  Do  you  know  why?  Telescopes  should 
have  an  unobstructed  view  of  the  sky  in  all  di- 
rections; and  a high  plateau,  free  from  obsta- 
cles, such  as  mountain  peaks,  satisfies  this  con- 
dition. Moreover,  the  astronomer  needs  a 
clear,  calm  atmosphere,  and  at  high  altitudes 
there  is  comparatively  little  smoke  and  dust. 
At  higher  altitudes,  too,  there  is  less  convec- 
tion. Convection  currents  in  the  air  make 
the  stars  twinkle— a condition  the  astronomer 
wishes  to  avoid. 

The  Palomar  Telescope.  The  world’s  largest 
telescope  is  on  Mount  Palomar,  in  southern 
California.  It  was  completed  in  1948.  It  is 
located  on  a broad  plateau  5,600  feet  above  sea 
level.  A gigantic  steel  structure,  it  weighs  al- 
most 500  tons  and  is  housed  in  a steel-and-con- 
crete  dome  which  is  70  feet  high. 

The  mirror  in  this  telescope  is  a 1 5-ton  disk 
of  glass  which  was  ground  and  polished  to 
exact  shape  and  then  coated  with  a thin  film 
of  aluminum  to  reflect  the  light.  It  is  200 
inches  (or  nearly  17  feet)  in  diameter,  and  it 
brings  the  light  to  a focus  as  shown  in  Fig. 
42-12.  This  arrangement  does  not  need  a 
tube,  but  simply  a supporting  framework.  A 
cylindrical  chamber  about  6 feet  in  diameter 
is  suspended  near  the  focus.  Here  the  astrono- 
mer sits  with  an  eyepiece,  through  which  he 
checks  the  field  of  the  telescope,  and  a cam- 
era. 

The  mirror  is  essentially  a light-catcher. 
The  larger  the  mirror  the  greater  the  amount 
of  light  brought  to  the  eye  or  photographic 
plate.  We  have  already  stated  that  in  total 
darkness  the  unaided  eye  can  see  a candle 
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flame  14  miles  away.  Viewed  through  the  200- 
inch  telescope,  the  same  candle  flame  would 
be  visible  14,000  miles  away;  and  with  a pho- 
tographic plate,  the  telescope  could  “see”  the 
candle  flame  40,000  miles  away. 

The  Palomar  telescope  has  the  power  of  a 


of  the  solar  system,  and  that  the  universe  com- 
prised the  2,000  stars  visible  to  the  naked  eye. 
Astronomical  instruments  have  revealed  many 
facts  about  the  universe.  But  there  is  still 
much  man  wants  to  know:  Is  the  universe  ex- 
panding? Is  the  earth  the  only  place  where 


E.  Hoge  from  Californio  Institute  of  Technology 

Fig.  42—1  1 . The  Mount  Palomar  telescope.  The  200-inch  mirror  (lower  right-hand  corner)  is 
covered  to  protect  its  delicate  surface.  The  eyepiece  is  located  in  the  cylindrical  tube  in  the 

upper  left-hand  corner. 


million  eyes.  It  took  twenty  years  to  build  it 
I at  a cost  of  more  than  ten  million  dollars. 
! -What  is  the  purpose  of  this  eolossal  observa- 
j tory? 

I For  thousands  of  years  man  has  been  trying 
I to  understand  the  universe  he  lives  in.  At  one 
I time  he  believed  that  the  earth  was  the  center 


intelligent  life  exists?  Or  are  there  other  solar 
systems,  among  the  millions  of  suns,  with 
planets  that  can  support  life?  Astronomers 
believe  that  Palomar  will  solve  some  of  the 
mysteries  of  the  universe.  Some  of  these  fun- 
damental problems  in  astronomy  will  be  dis- 
cussed in  a later  chapter. 
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Fig.  42—12.  A simplified  diagram  of  the  path  of  the  light  rays  in  the  Mount  Paiomar  telescope. 
Compare  this  picture  with  Fig.  42—1  1 . 


THINGS  TO 

A simple  camera  consists  of  a shutter,  a lens, 
and  a light-sensitive  film  mounted  in  a light- 
tight box. 

The  most  important  parts  of  the  human  eye 
are  a lens  and  a light-sensitive  surface  called  the 
retina. 

A microscope  contains  a small  objective  lens 
and  a larger  eyepiece. 


REMEMBER  

A refracting  astronomical  telescope  contains  a 
large  objective  lens  and  a smaller  eyepiece. 

A reflecting  astronomical  telescope  contains  a 
large  objective  mirror  and  a small  eyepiece. 

Most  astronomical  telescopes  are  used  with 
cameras  to  increase  their  sensitivity. 

The  Mount  Paiomar  telescope  has  a 200-inch 
concave  mirror  objective. 


QUESTIONS 


A 

1.  Name  three  optical  devices  that  contain 
lenses. 

2.  What  is  the  purpose  of  the  shutter  in  a 
camera? 

3.  How  does  a camera  resemble  the  eye? 

4.  How  does  a camera  differ  from  the  eye? 

5.  What  is  nearsightedness,  and  how  can  it  be 
corrected? 

6.  What  is  farsightedness,  and  how  can  it  be 
corrected? 

7.  What  is  the  purpose  of  the  objective  lens 
in  a refracting  telescope? 

8.  Why  should  astronomical  telescopes  be  lo- 
cated far  from  cities? 

9.  What  is  the  difference  between  an  astro- 
nomical telescope  and  a terrestrial  telescope? 

10.  What  are  the  principal  parts  of  a micro- 
scope, and  what  is  the  purpose  of  each? 


1 1 . Name  four  fields  in  which  a microscope  is 
used. 

B 

12.  What  is  astigmatism,  and  how  can  it  be 
corrected? 

13.  Draw  a diagram  of  an  astronomical  tele- 
scope showing  how  and  where  all  images 
are  formed. 

14.  Draw  a diagram  of  a microscope  showing 
how  and  where  all  images  are  formed. 

15.  Draw  a diagram  of:  (a)  a simple  camera; 
(b)  the  eye. 

1 6.  What  is  the  advantage  of  using  a camera  on 
an  astronomical  telescope? 

1 7.  How  can  the  spending  of  thousands  of  dol- 
lars to  build  the  Paiomar  telescope  be  justi- 
fied? 

1 8.  What  is  the  function  of  the  rods  and  cones 
in  the  human  eye? 
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Constructing  a Small  Telescope.  You  can  make 
a 6-inch  reflecting  telescope  that  will  enable  you 
to  see  a thousand  times  as  many  stars  as  you 
see  with  the  naked  eye.  Information  about 
materials  and  methods  of  grinding  mirrors  and 
constructing  telescopes  can  be  found  in  Sky  and 
Telescope  Magazine,  published  by  the  Sky  Pub- 
lishing Corporation,  Harvard  Observatory,  Cam- 
bridge, Massachusetts. 

Some  amateur  telescope-makers  are  organized 
into  clubs.  They  are  friendly  to  the  newcomer 
and  will  help  him  get  started  on  the  road  to 
telescope-making.  If  you  are  interested  in  astron- 
omy, get  in  touch  with  one  of  the  amateur 
astronomical  societies.  Some  of  these  societies 
have  members  who  possess  telescopes;  others 
have  fewer  members  and  less  equipment.  But 
all  are  willing  to  help  the  young  astronomer. 
Some  groups  are  interested  in  special  fields,  such 
as  the  observation  of  sunspots  or  variable  stars. 
Such  obsei^'ations  can  be  made  with  simple  tele- 
scopes that  you  can  construct  yourself. 


E.  P.  Little 


Fig.  42—13.  A 6-inch  reflecting  telescope.  The  whole 
telescope,  including  the  grinding  of  the  6-inch  con- 
cave mirror,  was  constructed  by  an  amateur  as- 
tronomer. 


WHAT  IS  COLOR? 


Chapter  A-O 


When  we  see  the  colors  of  a sunset  or  of 
flowers,  or  of  an  outcrop  of  pink  granite  or  red 
sandstone,  or  of  an  apple  tree  in  spring,  or  of 
maple  leaves  in  autumn,  we  realize  that  much 
of  the  beauty  of  nature  is  due  to  color.  It 
would  be  a drab  world  indeed  without  color. 

Birds  can  see  colors,  and  some  insects,  such 
as  bees  and  butterflies,  can  also  see  them.  But 
there  is  reason  to  believe  that  most  other  ani- 
mals, like  dogs  and  horses  for  example,  see  only 
black  and  white.  The  retina  of  a horse’s  eye 
is  somewhat  like  ordinary  photographic  film 
that  is  sensitive  only  to  black  and  white.  The 
retina  of  the  human  eye  is  more  complex; 
it  can  be  compared  to  color  film  in  that  it  con- 
tains cells  sensitive  to  colors  as  well  as  to  black 
and  white.  But  some  people  are  unable  to 
distinguish  certain  colors.  They  are  said  to  be 
color-blind.  Color-blindness  is  ten  times  as  fre- 
quent in  men  as  in  women.  The  commonest 
form  of  color-blindness  is  the  inability  to  dis- 
tinguish red  from  green.  Since  these  colors  are 
used  for  traffic  lights,  all  engineers  on  railroads 
are  carefully  tested  for  color-blindness.  Be- 
cause many  automobile  drivers  cannot  distin- 
guish red  from  green,  traffic  lights  on  highways 
often  have  small  amounts  of  other  colors  be- 
sides red  or  green  so  that  they  can  be  properly 
distinguished  by  color-blind  people. 

Newton's  Investigation  of  Color.  The  na- 
ture of  color  was  first  investigated  by  Sir  Isaac 
Newton  in  the  1 7th  century.  Newton  allowed 
a beam  of  sunlight  to  pass  through  a narrow 


slit  in  the  window  shade  of  a darkened  room 
so  that  it  gave  a patch  of  light  on  the  opposite 
wall.  He  then  held  a glass  prism,  pointing  it 
downward  in  the  beam  of  light,  and,  to  his 
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Fig.  43—1.  An  artist's  conception  of  Newton's  ex- 
periment in  which  Newton  split  up  the  white  light 
into  its  separate  colors  by  a prism. 

amazement,  the  white  patch  disappeared  and 
a long  band  of  color  appeared  on  the  wall 
above  the  patch.  The  band  was  made  up  of 
various  eolors : red  at  the  bottom,  then  orange, 
yellow,  green,  blue,  and,  finally,  violet  at  the 
top.  Such  a band  of  colors  is  a spectrum. 
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Newton's  classic  experiment  is  very  impor- 
tant. Let  us  make  a similar  observation  our- 
selves with  slight  changes  in  the  procedure. 

Demonstration  43-1.  Formation  of  a Spectrum. 

Do  this  experiment  in  a dark  room.  Cover  the 
lens  of  a flashlight  with  a piece  of  black  paper 
cut  with  a slit  that  allows  only  a narrow  beam 
of  light  to  pass  through.  Place  a glass  prism  on 
a stand  near  a white  cardboard  screen  and  direct 
the  beam  of  light  toward  the  prism.  Rotate  the 
prism  on  its  vertical  axis  until  a band  of  colors 
appears  on  the  screen,  as  shown  in  Fig.  43-2. 

Newton  wondered  how  a glass  prism  eould 
form  a spectrum.  He  coneluded  that  white 
light  is  really  a mixture  of  many  colors  and 


that  the  different  eolors  are  bent,  or  refraeted, 
by  different  amounts  as  they  pass  through  a 
glass  prism,  violet  being  refracted  the  most 
and  red  the  least.  It  is  the  diffcrenee  in  the 
amount  of  bending  that  causes  the  colors  to 
separate. 

The  glass  prisms  on  “erystal”  chandeliers  are 
intended  to  break  up  the  white  light  into  the 
eolors  of  the  spectrum.  But  glass  is  not  the 
only  substanee  that  separates  white  light  into 
its  constituents.  A diamond,  for  example, 
bends  the  light  rays  even  more  than  glass. 
Thus  it  sparkles  with  brilliant  reds,  greens,  and 
blues.  The  most  familiar  example,  however,  of 
the  breaking-up  of  light  is  the  rainbow.  This 
i is  nature’s  spectrum.  It  is  formed  when  sun- 
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light  is  separated  into  its  colors  by  drops  of 
water. 

The  Rainbow.  When  sunlight  enters  a rain- 
drop the  white  light  is  refraeted  as  it  goes  from 
air  to  water.  It  is  then  reflected  inside  the 
drop,  and  refracted  again  as  it  emerges  from 
the  drop.  The  violet  light  is  refraeted  more 
than  the  red  light;  when  the  light  emerges, 
therefore,  the  colors  of  the  spectrum  are  sepa- 
rated Just  as  in  a prism. 

The  rainbow  appears  as  a semieireular  are  of 
light  in  the  direction  opposite  the  sun.  To  see 
it,  you  must  therefore  have  your  back  to  the 
sun.  It  is  only  the  raindrops  along  this  par- 
ticular arc  that  send  back  the  spectrum  colors 
to  the  eye.  The  raindrops  outside  the  are  also 
split  up  the  sunlight,  but  the  colored  rays  that 
emerge  do  not  travel  in  the  direction  of  your 
eye.  A person  standing  in  a different  place  will 
see  the  spectrum  produced  by  some  of  these 
other  drops  of  water.  In  other  words,  each  per- 
son sees  his  own  particular  rainbow.  In  the 
same  way  when  you  stand  near  a fountain  or  a 
garden  spray  with  your  back  to  the  sun,  you 
may  see  a miniature  rainbow  produced  by  the 
drops  of  water  in  the  spray. 

Sometimes  a faint  circular  ‘‘rainbow”  can  be 
seen  around  the  moon  at  night.  This  has 
often  been  taken  as  a weather  sign  indicating 
approaching  rain.  Though  no  single  sign  can 
foretell  the  weather  with  certainty,  this  partic- 
ular sign  has  a good  basis  in  fact.  The  “rain- 
bow,” or  halo,  as  it  is  more  properly  called,  is 
caused  by  the  refraction  of  the  moon’s  light  by 
tiny  ice  crystals  of  a particular  shape  that  oc- 
cur in  thin  cirrus  clouds  several  miles  above 
the  earth.  As  we  have  already  seen  in  Chapter 
19,  these  clouds  often  precede  a warm  front, 
and  a warm  front  usually  brings  rain. 

Color  of  Objects.  The  spectrum  colors  do 
not  include  all  the  colors  you  are  familiar 
with;  neither  brown  nor  purple,  for  instance,  is 
a spectrum  color.  The  spectrum  bands  are 
called  pure  colors  because  they  cannot  be  fur- 
ther separated.  Only  rarely  do  we  find  these 
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pure  colors  in  nature;  the  colors  in  nature  are 
usually  mixtures,  like  purple,  for  example, 
which  is  a mixture  of  red  and  blue. 

This  brings  us  to  the  question : What  causes 
the  color  of  objects?  Why  is  grass  green  and 
blood  red?  Strangely  enough,  an  object  is 
colored  because  it  removes,  or  absorbs,  some- 
thing from  white  light.  It  absorbs  some  colors 
and  reflects  others.  The  colors  that  are  ab- 
sorbed are  ‘dost”  in  the  form  of  heat,  and  the 
colors  we  see  are  only  those  that  are  reflected. 


Fig.  43— 3A.  This  photograph  was  taken  without  a 
color  filter.  Note  that  the  sky  appears  uniformly 
gray  and  that  no  clouds  are  visible. 


For  instance,  if  sunlight  falls  on  a red  rose,  the 
blue  and  green  are  absorbed;  whereas  the  red, 
orange,  and  a little  yellow  are  reflected.  The 
rose  therefore  appears  red.  On  the  other  hand, 
a blue  iris  absorbs  the  colors  at  the  red  end  of 
the  spectrum  and  reflects  only  those  at  the 
blue  end.  The  iris  therefore  looks  blue. 

It  follows  from  this  explanation  that  a rose 
can  appear  red  only  if  there  are  red  rays  in  the 
light  that  illuminates  it.  In  other  words,  the 
color  of  an  object  depends  on  the  nature  of 
the  substance  itself  and  also  upon  the  light 
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that  falls  on  it.  Let  us  illustrate  this  point  in 
the  following  demonstration. 

Demonstration  43-2.  The  Color  of  Objects  Illuminated 
by  Light  of  Different  Colors. 

In  a darkened  room  set  up  the  apparatus  used 
in  Demonstration  43-1  and  hold  a piece  of  red 
yarn  in  the  beam  coming  from  the  prism.  Hold 
the  yarn  so  that  it  is  illuminated  only  by  blue 
and  violet  light.  What  color  does  it  appear  to 
be?  Now  examine  a piece  of  blue  yarn  in  the  red 
part  of  the  spectrum.  In  both  cases  the  objects 
appear  black.  The  red  wool  appears  black  be- 


Fig.  43— 3B.  The  same  scene  as  Fig.  43— 3A,  photo- 
graphed with  a yellow  filter  in  front  of  the  camera 
lens.  Note  how  the  use  of  the  color  filter  brings  out 
the  contrast  between  the  white  clouds  and  the  dark 
(blue)  sky. 

cause  in  the  blue  light  that  illuminates  it  there 
are  no  red  rays  which  the  wool  can  reflect  to 
the  eye.  Why  does  the  blue  wool  appear  black 
in  red  light?  Now  examine  the  red  wool  in 
green  and  in  yellow  light  and  try  to  explain  the 
color  of  the  wool. 

Next  examine  the  red  and  blue  yarns  in  the 
light  of  a sodium  flame  (see  Dem.  40-3).  This 
flame  gives  only  yellow  light.  What  is  the  color 
of  each  piece  of  yarn?  How  do  you  explain  this 
color? 

Many  dyes  reflect  more  than  one  color.  If, 
for  example,  a red  tie  with  yellow  stripes  is 
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viewed  under  sodium  light,  the  red  part  will 
appear  dark  yellow,  not  black  as  one  might 
expect.  This  is  because  the  red  dye  reflects 
some  orange  and  }ellow  as  well  as  red.  Ex- 
amine a brightly  colored  tie  in  the  sodium 
light.  Can  you  explain  the  result? 

It  should  now  be  plain  why  colors  do  not 
appear  to  be  quite  the  same  in  artificial  light 
as  in  sunlight.  Two  colors  that  match  under 
artificial  light  may  not  match  in  daylight.  A 
blue  color,  for  instance,  looks  darker  in  arti- 
ficial light  than  in  daylight  because  there  is 
less  blue  to  be  reflected  in  artificial  light. 
Again,  we  find  that  a red  color  appears  more 
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bright  that  it  obscures  all  but  the  brightest 
planets  and  the  moon.  The  blue  light  of  the 
sky  is  sunlight  that  has  been  scattered  or  re- 
flected in  all  directions  by  bits  of  dust  and  gas 
molecules  in  the  atmosphere.  In  whatever  up- 
ward direction  we  look,  scattered  blue  light 
enters  our  eyes.  The  colors  in  the  blue  end  of 
the  spectrum,  however,  are  scattered  the  most, 
and  the  green,  yellow,  and  red  light  are 
affected  very  little.  Since  sunlight  reaching 
our  eyes  is  lacking  in  blue,  the  sun  appears 
slightly  yellowish  rather  than  pure  white. 

On  some  days  the  sky  appears  less  blue  than 
on  others.  Sometimes,  even  when  the  sun  is 


Fig.  43—4.  The  sun's  rays  travel  through  more  of  the  atmosphere  at  sunset  than  at  noon. 


intensely  red  in  artifical  light  than  in  daylight. 
Can  you  explain  this? 

A yellow  filter  ( a piece  of  glass  that  is  trans- 
parent to  all  but  blue  light)  is  often  used  on 
a camera  to  bring  out  or  emphasize  clouds  in 
landscape  photographs.  All  colors  arc  reflected 
by  clouds,  but  there  is  only  blue  in  the  light 
from  the  blue  sky.  Thus,  in  a photograph 
taken  using  a yellow  filter,  clouds  will  stand 
out  sharply  against  an  almost  black  back- 
ground of  sky. 

The  Color  of  the  Sky.  If  the  earth  had  no 
atmosphere,  the  sky  would  be  jet-black  in  the 
middle  of  the  day.  The  sun  would  appear  as 
a dazzlingly  brilliant  white  orb,  and  all  the 
stars  would  be  easily  visible  as  bright  points  of 
light  in  the  black  sky.  Actually,  the  sky  is  so 


shining  brightly,  the  sky  is  almost  pure  white 
rather  than  blue.  This  is  due  to  a layer  of  thin 
cirrus  high  up  in  the  atmosphere  through 
which  much  of  the  sunlight  passes  unaffected. 
The  water  droplets  in  these  clouds,  however, 
are  so  much  larger  than  air  molecules  that 
they  scatter  light  from  the  red  end  of  the  spec- 
trum as  well  as  the  blue  end  and  we  have  all 
colors  scattered,  giving  a white  appearance  to 
the  sky. 

Color  of  Sunsets.  When  the  sun  is  setting, 
the  light  that  comes  directly  to  the  eye  travels 
through  much  more  of  the  earth’s  atmosphere 
than  when  the  sun  is  directly  overhead  (see 
Fig.  43-4).  As  a result,  a great  deal  of  light 
is  scattered  and  the  sun  is  dim  enough  to  be 
viewed  directly.  It  is  a beautiful  red  or  yellow, 
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depending  on  the  amount  and  the  type  of  dust 
in  the  air  which  scatters  the  blue  end  of  the 
spectrum. 

All  sorts  of  color  combinations  can  result 
from  scattering.  A few  clouds  near  the  hori- 
zon will  reflect  the  strongly  colored  sunset 
light  and  add  to  the  beauty  of  the  sunset. 
Some  of  the  most  beautiful  sunsets  are  ob- 
served in  the  vicinity  of  forest  fires,  which  fill 
the  atmosphere  with  tiny  smoke  particles  that 
cause  a large  amount  of  scattering.  When  the 
volcano  Krakatoa,  between  Java  and  Sumatra, 
exploded  in  1883  it  hurled  great  quantities  of 
volcanic  dust  into  the  upper  air.  The  winds 
carried  the  dust  to  all  parts  of  the  world. 
Though  the  dust  was  so  fine  as  to  be  com- 
pletely invisible,  it  provided  the  whole  world 
with  exquisite  sunsets  for  several  years. 

Color  and  Safety.  Have  you  noticed  that 
most  of  the  highway  trafhc  signs  warning  the 
motorist  that  he  is  approaching  a crossroad, 
curve,  stop  street,  or  other  danger  point  have 
black  letters  on  a yellow  background?  The 
signs  are  so  made  because  black  and  yellow  is 
the  most  visible  combination  of  colors. 

Colors  are  used  also  to  prevent  accidents  in 
large  factories.  At  one  time  all  machinery  was 
painted  a dull  gray  or  black  that  did  not  show 
dirt  and  grease.  In  modern  factories,  however, 
the  parts  of  a machine  that  must  be  watched 
constantly  are  painted  a soft  color  to  reduce 
eyestrain,  while  moving  parts  or  controls  are 
painted  in  bright,  distinctive  colors  that  at- 
tract the  eye  and  warn  of  danger. 

Light  Waves.  We  have  not  yet  explained 
how  light  travels  through  space.  Scientists 
believe  that  both  light  and  heat  radiations 
travel  through  space  in  the  form  of  invisible 
waves.  In  fact,  we  can  picture  the  light  radi- 
ated from  a lamp,  for  example,  as  traveling 
outward  in  circular  waves  like  the  ripples 
formed  when  a pebble  is  dropped  into  the  still 
water  of  a pond.  But  light  waves,  of  course, 
travel  at  an  enormous  speed.  Scientists  also 
believe  that  the  different  colors  of  the  spec- 
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trum  are  caused  by  light  rays  with  different 
wave  lengths.  Wave  length  is  the  distance  be- 
tween two  successive  crests.  For  example,  the 
crests  of  large  ocean  waves  may  be  separated 
by  50  feet  or  more,  whereas  small  ripples  are 
much  closer  together  and  may  have  a wave 
length  of  only  a few  inches.  Light  waves  are 
extremely  close  together  and  are  as  short  as 
sixteen-millionths  of  an  inch  (0.000016  in.). 

Of  visible  light,  red  light  has  the  longest 
wave  length  and  violet  light  the  shortest.  The 
greater  the  wave  length  the  faster  the  light 
travels  through  glass  or  water. 

Heat  and  Color.  At  this  point  you  may  be 
wondering  how  we  get  light  waves  of  different 
colors.  You  will  remember  that  the  color  of 
a hot  object  depends  on  its  temperature;  a yel- 
low-hot object  is  hotter  than  a red-hot  object, 
and  a white-hot  object  is  hotter  than  either. 
Hot  objects,  as  we  have  already  seen,  are  one 
of  our  primary  sources  of  light.  The  hotter  an 
an  object  the  more  light  of  short  wave  lengths 
it  emits.  Thus  a white-hot  object  appears 
white  because  it  emits  light  of  all  visible  wave 
lengths.  The  sun,  for  example,  gives  off  white 
light.  The  moon,  ui.like  the  sun,  is  cold,  and 
is  white  only  because  it  reflects  all  the  colors 
of  the  light  from  the  sun.  Stars,  like  the  sun, 
are  very  hot,  and  their  color  is  due  to  their 
high  temperature. 

An  object  that  is  black  absorbs  all  the  colors 
that  fall  on  it  and  reflects  little  or  no  light. 
Black  therefore  is  not  a color;  it  is  simply  the 
absence  of  light.  A white  surface  is  white  be- 
cause it  is  the  best  reflector  of  colors;  indeed 
it  reflects  all  colors.  A white  surface  also  re- 
flects heat  better  than  a surface  of  any  other 
color.  A black  surface,  on  the  other  hand,  ab- 
sorbs all  colors  and  also  absorbs  heat  radiation. 
In  other  words,  both  the  color  and  the  heat 
radiation  of  a substance  are  the  effects  of 
waves  differing  only  in  wave  length. 

The  Spectroscope.  The  spectroscope  is  an 
instrument  that  produces  spectra.  Newton’s 
method  of  obtaining  a spectrum  was  not  satis- 
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factory  because  the  colored  bands  were  not 
sharply  focused.  A better  result  is  obtained 
when  the  light  passes  through  a fine  slit  at  the 
principal  focus  of  a convex  lens.  If  a prism 
is  now  interposed  in  the  beam  beyond  the 
lens,  the  light  is  separated  into  its  colors, 
producing  a well-focused  spectrum.  In  prac- 
tice, the  slit  and  lens  are  in  a tube  called  the 
collimator,  and  the  separated  rays  pass  through 
a tube  called  a telescope.  The  prism  is  placed 
on  a platform  between  the  two  tubes.  The 


This  is  called  a bright-line  spectrum.  In  other 
words,  the  spectroscope  breaks  up  the  red 
neon  light  and  shows  exactly  what  colors  or 
wave  lengths  it  consists  of.  The  spectrum  of 
the  incandescent  vapor  of  every  known  ele- 
ment has  been  examined,  and  it  is  found  that 
the  spectrum  of  each  element  is  different  from 
that  of  every  other  element.  Thus  each  ele- 
ment, like  each  human  being,  can  be  identi- 
fied by  its  own  set  of  “fingerprints.” 

Some  Uses  of  the  Spectroscope.  The  spec- 
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Fig.  43—5.  A simple  spectroscope  in  use.  The  prism  is  on  the  platform  in  the  center  between 
the  telescope  into  which  the  man  is  looking  and  the  collimator  (on  the  right). 


whole  arrangement  is  called  a spectroscope,  a 
picture  of  which  is  shown  in  Fig.  43-5.  Some- 
times a photographic  film  is  used  to  obtain  a 
permanent  record  of  the  spectrum. 

Different  Kinds  of  Spectra.  If  we  use  as  the 
source  of  light  an  incandescent  solid  such  as 
an  ordinary  electric  light,  we  obtain  a continu- 
ous spectrum;  that  is,  we  see  all  the  colors 
from  red  to  violet.  But  if  we  use  a red  neon 
light  bulb  as  the  source  of  light,  we  find  that 
the  spectrum  consists  mostly  of  red  and  orange 
and  a few  blue  lines  separated  by  dark  spaees. 


troscope  has  given  us  an  amazing  amount  of 
valuable  information.  The  chemist  uses  it  as 
a means  of  detecting  minute  traces  of  ele- 
ments. If  he  has  only  a speck  of  an  unknown 
substance,  he  heats  it  until  it  vaporizes.  Then 
by  examining  its  spectrum  he  can  determine 
which  elements  are  present.  Such  examina- 
tions have  revealed  sets  of  lines  that  were 
different  from  the  spectra  of  known  elements. 
In  this  way  several  new  elements  have  been 
discovered. 

The  most  fascinating  research,  however,  has 
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been  the  examination  of  spectra  obtained 
from  the  sun  and  the  stars.  These  spectra  tell 
us  the  kind  of  atoms  present  in  the  stars  and 
even  the  speeds  at  which  the  stars  are  mov- 
ing. We  find  that  the  sun  and  stars  contain 
the  same  kinds  of  atoms  as  the  earth,  and  most 
of  the  atoms  on  the  earth  have  been  identified 
in  the  sun  and  the  stars.  During  the  last  cen- 
tury, for  example,  astronomers  discovered  an 
abundant  element  in  the  sun  that  had  not 
been  found  on  the  earth.  Later  investigations, 
however,  showed  that  it  does  occur  on  the 
earth  but  only  in  rather  small  amounts.  This 
is  the  element  helium.  (The  word  helium  is 
derived  from  the  Greek  word  helios,  meaning 
"sun.”) 

The  spectroscope  is  also  used  in  medicine 
and  in  the  detection  of  poisoning.  The  exami- 
nation of  a single  drop  of  blood  by  a spectro- 
scope reveals,  for  example,  the  presence  of 
carbon  monoxide.  Carbon  monoxide  com- 
bines with  the  red  coloring  matter  of  blood  to 
form  a compound  that  can  easily  be  recog- 
nized by  its  spectrum.  Through  the  spectro- 
scope, blood  alone  gives  a single  dark  band  in 
the  yellow-green  part  of  the  spectrum;  carbon 
monoxide  combined  with  blood  shows  two 
bands  instead  of  one  in  the  same  region. 

Invisible  Light.  We  have  noticed  that  the 
spectrum  extends  from  the  red  to  the  violet. 
At  both  ends  it  fades  into  darkness.  This 
shows  that  there  are  no  visible  rays  beyond  the 
red  or  violet,  but  it  does  not  prove  that  there 
are  no  rays  of  any  kind  beyond  the  visible 
spectrum. 

Infrared  Light.  If  we  place  a sensitive  thei-^ 
mometer  just  beyond  the  red  end  of  the 
spectrum,  we  discover  the  presence  of  heat 
radiation,  usually  called  infrared  rays.  A hot 
iron  in  a dark  room  cannot  be  seen  because  it 
gives  off  no  visible  rays.  But  we  can  feel  the 
heat  of  the  invisible  infrared  rays,  and  with  a 
speeial  photographie  plate  sensitive  to  infra- 
red rays,  we  can  take  a photograph  of  the 
iron  and  other  objects  in  the  dark  room. 
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Infrared  rays  can  also  be  used  for  photo- 
graphing landscapes.  This  is  done  by  placing 
in  front  of  the  camera  lens  a red  glass  filter 
that  admits  only  red  and  infrared  light  and  no 
other  colors.  Infrared  rays  ean  pieree  fog  and 
haze;  they  are  not  seattered  by  speeks  of  dust 
in  the  air  like  ordinary  visible  light.  The  result 
is  that  distant  objeets  are  reeorded  mueh  more 
elearly  on  the  film  than  with  ordinary  light. 

Ultraviolet  Light.  A photograph  of  the 
speetrum  taken  on  an  ordinary  photographie 
plate  shows  a band  extending  well  beyond  the 
violet  end  of  the  visible  speetrum.  The  rays  in 
this  band  are  called  ultraviolet  rays. 

Infrared  rays,  which  are  longer  than  red 
rays,  and  ultraviolet,  which  are  shorter  than 
violet  rays,  can  be  ealled  invisible  light.  Both 
can  be  photographed,  for  the  eamera  has  a 
wider  range  of  vision  than  the  human  eye. 

Some  ultraviolet  rays  eause  sunburn.  They 
are  useful,  however,  in  treating  certain  dis- 
eases, such  as  rickets.  The  health-giving  ef- 
fects of  sunlight  are  due  largely  to  ultraviolet 
rays.  Ultraviolet  light  also  causes  many  types 
of  chemical  reactions. 

The  Elecf-romagnetic  Spectrum.  The  differ- 
ent kinds  of  rays  we  have  discussed  make 
up  the  electromagnetic  spectrum.  Fig.  43-6 
shows  the  types  of  radiation  that  compose  this 
spectrum.  Note  that  the  wave  lengths  of  vis- 
ible light  occupy  only  a small  portion  of  the 
whole  range. 

The  longest  waves  in  the  electromagnetic 
spectrum  are  radio  waves,  which  are  discussed 
in  Chapter  47.  Waves  that  are  slightly  shorter 
than  ultraviolet  waves  are  called  X rays.  They 
are  generated  by  a special  kind  of  vacuum  tube 
called  an  X-ray  tube.  Because  they  penetrate 
opaque  materials,  they  are  used  to  locate  in  the 
human  body  broken  bones  or  foreign  objects 
that  cannot  be  seen  otherwise.  X rays  are  also 
used  in  industry  for  detecting  cracks  and  flaws 
in  metal  castings.  Gamma  rays,  which  are 
even  shorter  than  X rays,  are  given  off  by 
radioactive  substances. 
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WAVELENGTH  IN  CENTIMETERS 

Fig.  43—6.  The  electromagnetic  spectrum.  The  wave  lengths  are  given  in  centimeters. 


All  these  electromagnetic  waves  have  similar 
properties.  They  all  travel  with  the  speed  of 
light  through  a vacuum,  and  they  can  be  re- 

THINGS  TO 

White  light  can  be  split  up  by  a prism  into  a 
spectrum,  which  consists  of  red,  orange,  yellow, 
green,  blue,  and  violet  light. 

Different  colors  are  eomposed  of  light  of  dif- 
ferent wave  lengths. 

Of  visible  light,  red  light  has  the  longest  and 
violet  light  the  shortest  wave  length. 

Infrared  light  has  a wave  length  that  is  too 
long  to  be  seen  by  the  eye. 

Ultraviolet  light  has  a wave  length  too  short 
to  be  seen  by  the  eye. 

The  color  of  an  object  is  the  color  of  the  light 
it  reflects  when  white  light  falls  on  it. 


1 . What  are  the  colors  that  make  up  white 
light? 

2.  How  may  white  light  be  split  up  into  the 
colors  of  which  it  is  composed? 

3.  What  is  infrared  light? 

4.  What  is  ultraviolet  light? 

5.  What  are  X rays,  and  for  what  are  they 
used? 

6.  Why  is  a blue  dress  blue? 

7.  Why  is  a red  dress  red? 

8.  Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 


fleeted,  refracted,  and  absorbed.  The  degree 
of  reflection,  refraction,  and  absorption,  how- 
ever, varies  greatly  with  the  wave  length. 

REMEMBER  

The  sky  is  blue  because  some  blue  light  from 
the  sun  is  scattered  by  dust  and  gas  molecules 
in  the  atmosphere. 

Solids  give  off  a continuous  spectrum  when 
they  are  incandescent. 

Gases  give  off  a bright-line  spectrum  when 
they  are  heated. 

Each  element,  when  in  the  gaseous  state  and 
incandescent,  emits  its  own  individual  line  spec- 
trum. 

A spectroscope  may  be  used  to  identify  the 
elements  of  which  a substance  is  composed  and 
to  identify  the  elements  in  the  sun. 

T I 0 N S 

[a)  Helium  is  an  element  that  does  not 
exist  on  the  sun. 

{b)  One  part  of  a spectroscope  is  called  a 
collimator. 

(c)  Newton  was  one  of  the  first  scientists 
to  investigate  the  nature  of  light. 

(d)  A piece  of  red-hot  iron  is  red  because 
it  absorbs  all  colors  except  red,  which 
it  reflects. 

(e)  The  moon  shines  by  reflected  light. 

9.  Why  is  black  paint  black? 

TO.  How  was  helium  first  discovered? 

T T . What  visible  color  has  the  longest  wave 
length? 

12.  What  visible  color  has  the  shortest  wave 
length? 
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13.  How  does  the  spectrum  of  a gas  differ  from 
the  spectrum  of  a piece  of  hot  iron? 

B 

14.  Describe  the  formation  of  a rainbow. 

15.  Why  does  a dark  blue  suit  appear  nearly 
black  when  seen  under  artificial  light? 

16.  Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

(a)  If  infrared  light  is  used  to  take  a pic- 
ture on  a hazy  day,  the  picture  will  be 
clearer  than  if  ordinary  light  is  used. 

(b)  Sunburn  is  caused  by  red  light. 

(c)  The  spectrum  of  neon  gas  is  composed 
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of  many  bright  lines  in  the  red  end  of 
the  spectrum. 

(d)  A halo  around  the  moon  usually  means 
clear  weather. 

17.  {a)  What  is  a spectroscope? 

[b]  How  is  it  used? 

(c)  What  is  it  used  for? 

18.  A beam  of  light  passes  through  a prism. 
What  happens  and  why?  Make  a diagram. 

19.  How  is  the  spectroscope  used  for  detecting 
carbon  monoxide  poisoning? 

20.  Why  is  the  sky  blue? 

21.  What  is  the  cause  of  beautifully  colored 
sunsets? 


PROJECTS 


1.  Combining  Colors  to  Make  White  Light. 
Make  a color  wheel  by  cutting  out  a circle 
of  cardboard  about  6 inches  in  diameter. 
With  a pencil  divide  it  into  three  equal  pie- 
shaped segments.  Paint  one  segment  bright 
red,  another  bright  green,  and  the  third  bright 
blue.  Now  mount  the  wheel  on  a nail  stuck 
through  the  center  and,  holding  on  to  the 
nail,  spin  it  rapidly  by  hand  in  a strong  white 
light.  The  three  colors  should  combine  to 
give  nearly  white  light,  and  the  wheel,  when 
spinning,  should  appear  nearly  white  or  light 
gray. 

Newton  split  up  white  light  into  its  com- 
ponent colors,  whereas  this  experiment  does 
just  the  opposite.  The  color  from  the  two 
ends  and  the  middle  of  the  spectrum  combine 
to  give  white  light.  We  see  white  light  here 
because  of  a property  of  the  eye  called  per- 
sistence of  vision,  which  means  that  when  we 
see  an  object  and  it  suddenly  disappears  or 
moves,  we  continue  to  see  it  in  its  original 
position  for  a fraction  of  a second  after  it  has 
left.  In  this  experiment  a given  colored  seg- 
ment rotates  so  fast  that,  because  of  this 
effect,  we  see  a complete  circle  of  that  color. 
The  same  is  true  for  each  of  the  three  seg- 


ments, so  the  three  colors  combine  in  the  eye 
to  give  the  impression  of  a white  disk. 

2.  To  Create  an  Artificial  Rainbow.  On  a sunny 
day,  play  a fine  spray  of  water  from  a garden 
hose  into  the  air,  either  by  means  of  an 
adjustable  nozzle  or  by  holding  the  thumb 
over  the  end  of  the  hose.  With  the  sun  at 
your  back  look  at  the  spray  and  you  should 
see  a miniature  rainbow. 

3.  Scattering  of  Light  as  in  a Blue  Sky  and  Red 
Sunset.  Place  a flashlight  near  a glass  tum- 
bler containing  water.  Darken  the  room  and 
look  through  the  tumbler  directly  into  the 
light  beam.  Add  a drop  of  milk  from  a medi- 
cine dropper  into  the  water  and  stir.  Notice 
that  the  light  appears  reddish-yellow.  Add  one 
or  two  more  drops  of  milk  and  stir  so  as  to 
increase  the  color  effect.  Holding  the  flash- 
light in  place,  look  through  the  side  of  the 
tumbler.  The  light  that  now  comes  to  your 
eye  is  bluish. 

The  milk  particles  have  scattered  the  blue 
light  so  that  the  light  which  passes  directly 
through  the  water  appears  reddish-yellow.  (A 
solution  of  soluble  starch  may  be  used  instead 
of  the  milk. ) 


REVIEW  QUESTIONS  ON  UNIT  8 


A 

1,  Complete  each  of  the  following  statements 
by  supplying  the  correct  word  or  phrase. 

{a)  — ? — lamps  were  used  by  the  Romans 
and  the  Greeks. 

(b)  When  light  is  reflected  from  a smooth 
surface  the  — ? — equals  the  — ? — . 


(c)  When  light  passes  from  air  into  water 
it  is  bent  — ? — . 

(d)  A white  surface  is  a good  — ? — of  light 
and  heat. 

(e)  A microscope  is  used  to  magnify  — ? — 
objects. 

2.  Determine  which  of  the  following  state- 
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ments  are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

(a)  The  light  given  off  by  a fluorescent 
lamp  comes  from  a hot  tungsten  fila- 
ment. 

(b)  Sir  Isaac  Newton  made  the  first  elec- 
tric light. 

(c)  Refraction  is  the  bending  of  light  as  it 
passes  through  a transparent  substance. 

(d)  A telescope  may  use  either  a lens  or  a 
mirror  as  an  objective. 

(e)  Kerosene  lamps  were  invented  before 
candles. 

(/)  Light  bulbs  containing  tungsten  fila- 
ments are  better  than  those  containing 
carbon  filaments. 

3.  Give  one  example  each  of  an  opaque,  a 
transparent,  and  a translucent  substance. 

4.  What  is  a spectroscope? 

5.  Complete  the  following  statements  by  sup- 
plying the  correct  word  or  phrase. 

(a)  Light  travels  in  — ? — lines. 

(b)  A modern  electric-light  bulb  contains 
a filament  and  — ? — . 

(c)  The  image  in  a plane  mirror  is  as  far 
— ? — the  mirror  as  the  object  is  — ? — . 

(d)  Parallel  light  rays  that  reflect  from  a 
curved  mirror  converge  at  the  — ? — . 

6.  Make  three  important  statements  concern- 
ing reflection  in  a plane  mirror. 

7.  State  the  similarities  and  the  differences  be- 
tween the  operation  of  the  eye  and  that  of 
a simple  camera. 

8.  How  does  the  spectrum  produced  by  a hot 
gas  differ  from  that  produced  by  a hot  tung- 
sten filament? 

9.  State  an  advantage  and  a disadvantage  of 
the  human  eye  over  the  camera. 

10.  What  are  infrared  rays? 

1 1 . What  are  ultraviolet  rays? 

B 

12.  Name  all  the  different  kinds  of  electromag- 

SUGGESTIONS  FOR 
A 

' Educational  Focus.  Bausch  and  Lomb,  Roches- 
I ter,  N.Y.,  1945. 

I Harrington,  J.  “Seeing  with  Electricity.”  Sci- 
1 entific  American,  Vol.  163,  July  1940.  Pp. 
20-22. 
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netic  waves  in  the  order  of  decreasing  wave 
length. 

13.  Why  is  the  sky  blue? 

14.  How  may  a spectroscope  be  used  to  deter- 
mine carbon  monoxide  poisoning? 

15.  Describe,  with  the  aid  of  a diagram,  the 
construction  and  operation  of  a reflecting 
telescope. 

16.  What  is  the  advantage  of  using  a telescope 
with  a large  objective  lens? 

17.  Why  are  sunsets  red? 

1 8.  Describe  the  function  of  the  lens  and  retina 
of  the  eye. 

19.  How  does  seeing  in  the  dark  differ  from 
seeing  in  daylight? 

20.  What  illumination  would  fall  on  a book  2 
feet  away  from  a 32-candlepower  lamp? 

21.  Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

(a)  White  light  is  composed  of  all  the 
colors  of  the  visible  spectrum. 

(b)  Incandescent  lights  are  widely  used 
because  they  give  off  no  heat. 

(c)  A rainbow  is  formed  by  reflection  and 
refraction. 

(d)  A spectroscope  contains  a concave  mir- 
ror. 

(e)  The  image  in  a plane  mirror  is  a real 
image. 

(/)  The  image  in  a plane  mirror  is  in  front 
of  the  mirror. 

22.  Show,  by  a diagram,  how  and  where  the 
image  is  formed  in  a plane  mirror. 

23.  Show,  by  a ray  diagram,  how  and  where  an 
image  is  formed  by  a convex  lens  when: 

(a)  the  object  is  outside  the  principal  focus; 

(b)  inside  the  principal  focus. 

24.  If  white  light  is  passed  through  a simple 
convex  lens,  the  red  light  will  come  to  a 
focus  a little  farther  from  the  lens  than  the 
blue.  How  can  you  explain  this? 
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Chapter  44 


WHAT  IS  SOUND? 


Have  you  ever  stopped  to  think  that  we  live 
in  a world  of  sounds?  Without  sound  we 
would  have  difhculty  in  communicating  with 
one  another.  Man  depends  so  much  on  the 
spoken  word  that  not  being  able  to  hear  is  a 
great  hardship.  We  hear  loud  and  objection- 
able noises  as  well  as  pleasing  music  and  the 
voices  of  our  fellow  beings.  At  times  we  are 
not  conscious  of  any  sound  at  all,  but  even 
when  all  seems  quiet  there  are  sounds  that  we 
can  just  hear  but  not  identify.  In  absolutely 
quiet  surroundings,  however,  as  in  a sound- 
proof laboratory,  we  can  hear  our  own  heart- 
beat and  the  faint  rushing  sound  made  by  the 
blood  flowing  through  our  arteries  and  veins. 
In  fact,  the  ear  is  almost  sensitive  enough  to 
hear  the  faint  sound  made  by  the  molecules  of 
the  air  as  they  rush  to  and  fro  bombarding  our 
eardrums. 

How  Sound  Travels.  Sound  is  a form  of  en- 
ergy, and  it  travels  from  a source,  such  as  a 
musical  instrument,  to  our  ear  by  invisible 
sound  waves.  Though  all  matter  conducts 
sound  waves,  some  substances  are  better  con- 
ductors than  others.  Steel,  for  example,  is  a 
good  conductor.  Sponge  rubber  and  fiber 
board,  on  the  other  hand,  are  poor  conductors, 
since  they  absorb  a great  deal  of  the  sound 
energy  and  convert  it  into  heat  energy.  Sound 
' waves  cannot  travel  through  a vacuum,  Re- 
I gardless  of  how  loud  a noise  is  on  the  e.rth, 

1 the  sound  can  never  travel  beyond  the  earth’s 

I atmosphere  and  be  heard  on  another  planet. 

II 


The  Speed  of  Sound.  Sound  travels  through 
the  air  at  about  1,100  feet  per  second,  or  750 
miles  per  hour;  it  travels  faster  through  solids 
and  liquids  than  through  air.  Its  speed  varies 
somewhat  with  temperature  and  pressure.  The 
speed  of  sound  is  very  mueh  slower  than  that 
of  light,  whieh,  you  will  recall,  is  186,000  miles 


Courtesy  Bell  Telephone  Laboratories 


Fig.  44—1.  A soundproof  room  used  in  sound  ex- 
periments. To  eliminate  all  surfoces  that  would  re- 
flect sound,  the  walls,  ceiling,  and  subfloor  are 
lined  with  special  sound-absorbing  materials.  The 
unusual  floor  resembles  the  hitting  surface  of  a tennis 
racket  and  consists  of  high-strength  steel  wires  strung 
under  high  tension  between  the  walls. 
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per  second.  Thus  when  a ship,  seen  at  a 
distance  of  a mile  or  so,  blows  its  whistle,  the 
puff  of  steam  from  the  whistle  is  visible  as  the 
whistle  cord  is  being  pulled,  but  the  sound  is 
not  heard  until  several  seconds  later.  At  track 
meets  the  oEcial  timers  at  the  finish  line  of 
a 220-yard  dash  must  start  their  stop  watches 
the  instant  they  see  the  puff  of  smoke  from 
the  starter’s  gun.  They  do  not  wait  until  they 
hear  the  shot,  since  it  would  not  reach  their 
ears  until  nearly  half  a second  after  the  race 
had  started. 

Knowing  the  speed  of  sound,  you  can  de- 
termine how  far  away  an  approaching  thun- 
derstorm is.  All  you  need  is  a watch  with  a 
second  hand.  When  you  see  a flash  of  light- 
ning, measure  the  time  between  the  seeing  of 
the  flash  and  the  hearing  of  the  thunder. 
With  this  time  and  the  speed  of  sound,  you 
can  calculate  how  far  you  are  from  the  light- 
ning. Suppose,  for  example,  you  see  a flash 
of  lightning  and  10  seconds  later  you  hear  the 
thunder.  The  light  from  the  flash  travels  so 
fast  that  it  takes  practically  no  time  to  reach 
you,  but  the  sound,  traveling  only  1,100  feet 
in  one  second,  travels  1,100  x 10,  or  11,000 
feet  in  the  10  seconds.  The  thunderstorm 
is  therefore  about  two  miles  away. 

The  Cause  of  Sound.  Sound  is  produced 
when  an  object  vibrates.  The  vibration  of  the 
object  then  sends  forth  sound  waves  in  much 
the  same  manner  that  a stone  thrown  into 
calm  water  produces  waves.  The  following 
demonstration  will  show  that  a tuning  fork 
is  vibrating  when  it  gives  forth  sound  waves 
although  the  vibrations  are  too  rapid  to  be 
seen. 

Demonstration  44-1.  A Vibrating  Tuning  Fork. 

Support  a small  pith  ball  by  a thread  so  that 
it  just  touches  one  of  the  prongs  of  a tuning 
fork,  as  shown  in  Fig.  44-2.  Holding  the  fork 
firmly  at  the  base,  strike  the  other  prong  with  a 
small  felt-covered  wooden  mallet.  The  fork  vi- 
brates and  produces  sound.  Watch  the  pith  ball. 

You  will  notice  that  as  long  as  the  fork  emits 
sound  the  pith  ball  keeps  bouncing  back  and 
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forth.  This  is  because  the  vibrating  prong  of 
the  fork  strikes  the  pith  ball  every  time  it 
comes  close  enough,  making  it  fly  off  through 
the  air.  When  the  fork  no  longer  produces 
sound,  the  pith  ball  stops  vibrating,  showing 
that  when  there  is  no  vibration  there  is  no 
sound. 

Sound  Waves.  What  is  the  nature  of  the 
sound  waves  that  carry  sound  energy  from  the 
source  to  our  ears?  Let  us  examine  Fig.  44-3 
and  see  what  happens  as  the  prong  of  a tun- 
ing fork  vibrates  in  the  air.  As  the  prong 
moves  to  the  right,  it  quickly  compresses  the 
air  just  in  front  of  it.  This  compression  is 
passed  on  to  neighboring  air  molecules  and 


Fig.  44—2.  A tuning  fork  vibrates  to  and  fro  when 
it  produces  sound,  as  shown  by  the  motion  of  the 
light  pith  ball. 

travels  outward  at  a speed  of  1,100  feet  per 
second.  At  the  end  of  its  swing,  the  prong 
moves  to  the  left,  leaving  a partial  vacuum  be- 
hind it,  which  also  travels  outward,  following 
the  first  compression,  at  the  speed  of  sound. 
This  partial  vacuum  is  called  a rarefaction. 
Then  the  prong  moves  to  the  right  again  and 
sends  out  another  compression  through  the 
air.  These  compressions  and  rarefactions  suc- 
ceed one  another  many  times  a second  and  are 
called  sound  waves  (see  Fig.  44-4).  They  are 
always  produced  when  an  object  vibrates  in 
the  air.  Notice,  however,  that  the  molecules 
merely  vibrate  back  and  forth  about  their 
normal  positions  as  the  sound  wave  passes 
through  them.  It  is  only  the  sound  energy,  not 
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feet  per  second. 

the  molecule'',  that  moves  outward  at  1,100 

Wave  Length  and  Frequency.  Sound  waves 
are  often  pictured  by  means  of  a graph  or  by 


Fig.  44—3.  How  sound  waves  are  produced  by  a 
vibrating  tuning  fork. 

a diagram  such  as  Fig.  44-5.  The  vertical  axis 
represents  the  distance  a given  molecule  is  dis- 
placed from  its  normal  position,  and  the  hori- 
zontal axis  represents  the  time  at  which 
this  takes  place.  Notice  the  similarity  between 


Fig.  44—4.  A diagram  of  a moving  sound  wave.  The 
compressions  and  rarefactions  of  the  air  molecules 
move  out  in  all  directions  from  the  source  at  a speed 
: of  1,100  feet  per  second. 

this  diagram  and  that  on  page  421  represent- 
ing an  alternating  electric  current.  This  simi- 
ilarity  is  of  great  importance,  as  you  will  learn 
lin  Chapter  46,  where  the  telephone  is  dis- 
icussed. 


Another  type  of  sound-wave  graph  is  shown 
in  Fig.  44-6,  where  the  horizontal  axis  repre- 
sents distance  from  the  source.  It  represents 
sound  waves  at  a single  instant  of  time.  The 


Q 


Fig.  44—5.  A graph  of  a sound  wave  showing  the 
position  of  a given  molecule  at  different  instants  of 
time  as  it  moves  back  and  forth  while  a sound  wave 
is  passing. 

distance  between  any  two  successive  crests  of  ^ 
the  wave  is  called  the  wave  length.  This  dis- 
tance is  found  by  dividing  the  velocity  of 
sound  by  the  frequency  (the  number  of  vibra- 
tions per  second)  of  the  vibrating  object.  This 
may  be  expressed  by  a formula,  as  follows: 

velocity 

wave  length  = 

^ frequency 

For  example,  if  a tuning  fork  vibrates  1,000 

1100 

times  per  second,  one  crest  will  travel 
or  1.1  feet,  from  the  fork  before  the  next  crest 


(/) 
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o 

Fig.  44—6.  A graph  of  sound  wave  showing  the 
position  of  different  molecules  at  different  distances 
from  the  source  at  one  instant  of  time. 
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is  produced.  The  wave  length  is  therefore  1.1 
feet. 

Pitch.  When  we  say  that  the  notes  produced 
by  a musical  instrument  are  high  or  low,  we 
are  actually  referring  to  the  pitch  of  a note. 
Pitch  is  determined  almost  entirely  by  the 
number  of  vibrations  per  second  produced  by 
the  source  of  sound.  In  other  words,  by  vary- 
ing the  frequency  (vib/sec)  or  the  number  of 
cycles  per  second  (cycles/sec),  sounds  of  dif- 
ferent pitch  are  produced. 

Demonstration  44-2.  To  Produce  Sounds  of  Different 
Pitch. 

Fix  a toothed  wheel  to  the  shaft  of  a small 
variable-speed  eleetric  motor.  Start  the  motor, 
and  hold  a stiff  piece  of  cardboard  or  sheet  metal 
against  the  teeth  as  shown  in  Fig.  44-7.  Change 
the  speed  of  the  motor  so  that  the  wheel  goes 
very  fast  and  then  very  slow. 


Fig.  44—7.  Producing  sounds  ot  different  pitch. 

You  notice  that  as  the  speed  of  the  wh.eel 
changes,  the  character  of  the  sound  also 
changes.  It  does  not  become  louder  or  softer; 
it  changes  in  pitch.  When  the  wheel  spins 
rapidly,  the  card  bounces  from  tooth  to  tooth 
many  times  a second,  and  a sound  of  high 
pitch  is  produced.  When  the  wheel  turns 
slowly,  the  number  of  vibrations  per  second 
of  the  card  is  reduced,  and  the  pitch  of  the 
sound  produced  is  low. 

Audible  Frequencies.  The  human  ear  is  un- 
able to  hear  sounds  whose  frequency  is  lower 
than  about  20  cycles  per  second.  This  lowest 

audible  frequency  has  a wave  length  of 

or  55  feet.  Very  low  frequencies,  if  they  are 
strong  enough,  can  be  felt  by  the  body  but 
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they  cannot  be  heard  as  sound.  Frequencies 
higher  than  20,000  vibrations  per  second  gen- 
erally cannot  be  heard,  nor  can  these  high 
frequencies  be  felt.  A frequency  of  20,000 
cycles  per  second  represents  a wave  length  of 
1100 

2Q  QQQ  7 or  .055  feet,  or  a little  more  than  half 
an  inch. 

Human  hearing  is  measured  by  an  apparatus 
called  an  audiometer.  This  instrument  can 
produce  sounds  of  any  pitch  and  intensity,  or 
loudness.  The  person  being  tested  listens  in  a 
quiet  room  while  the  operator  of  the  audiom- 
eter produces  a sound  of  very  low  pitch  and 
intensity.  The  intensity  is  increased  gradually 
until  the  person  can  hear  the  sound.  The 
process  is  then  repeated  at  higher  and  higher 
frequencies  right  through  the  audible  range. 
From  the  data  obtained  the  operator  can  de- 
termine the  condition  of  a person’s  hearing. 

Ultrasonics.  Certain  birds,  dogs,  and  some 
other  animals  are  able  to  hear  sounds  with  a 
frequency  higher  than  20,000  cycles  per  sec- 
ond. There  is  a type  of  whistle  not  audible 
to  a human  being  that  can  be  heard  several 
blocks  away  by  a dog. 

Frequencies  too  high  to  affect  the  human 
ear  are  called  ultrasonic  sound.  Scientists  have 
discovered  that,  because  of  their  high  energy, 
ultrasonic  waves  have  many  properties  that 
audible  sound  waves  do  not  have.  For  exam- 
ple, a piece  of  cotton,  when  held  in  front  of 
a large  ultrasonic  generator,  bursts  into  flame. 
The  generator  gives  forth  no  audible  sound 
and  has  no  apparent  effect  on  the  human 
body,  yet  small  animals  would  be  killed  by 
these  vibrations. 

Loudness  and  Decibels.  The  greater  the  dis- 
tance through  which  a sound  source  vibrates, 
the  more  the  air  molecules  are  displaced  and 
the  louder  the  sound.  The  distance  the  mole- 
cules are  displaced  is  called  amplitude.  Hence 
when  we  wish  to  describe  the  loudness  or  in-  I 
tensity  of  a sound,  we  often  refer  to  its  ampli- 
tude. 


RHEOSTAT  TO 
CHANGE  SPEED 


WHAT  IS  SOUND? 

An  instrument  called  a sound-level  meter 
measures  the  amplitude  of  sound  waves  in 
units  called  decibels.  Such  instruments  are 
used  to  investigate  noise  in  factories  and  large 
offices  and  on  busy  city  streets.  Continuous 
exposure  to  noise  can  reduce  human  efficiency 
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sound-absorbing  properties  of  the  walls,  ceil- 
ing, and  seats  of  an  auditorium  determine  the 
acoustics  of  the  hall.  If  hard  materials  are 
used,  there  may  be  too  much  reverberation, 
or  echo;  that  is,  a sound  will  travel  back  and 
forth  over  the  hall  for  several  seconds  before 


and  cause  fatigue,  headaches,  and  even  nausea. 
A great  deal  of  effort  and  money  has  therefore 
been  expended  to  reduce  factory  and  street 
noises. 

Sound  Conditioning.  Rooms  whose  walls, 
ceilings,  and  floors  are  constructed  of  hard- 
surfaced  materials  are  likely  to  be  noisy,  be- 
cause such  materials  reflect  the  sound  waves 
and  make  the  smallest  sound  easily  audible. 
Architects  use  sound-absorbing  materials  in 
modern  buildings.  The  sound-reflecting  and 


it  dies  out.  This  reverberation  causes  sounds 
to  run  together,  giving  a blurred  effect  to  both 
voices  and  music.  Too  much  absorption  by 
sound-proofing  material,  on  the  other  hand, 
will  make  a hall  dead,  and  music  will  not  have 
sufficient  brilliance. 

Reverberation  can  be  demonstrated  in  a 
long  quiet  corridor  with  hard  walls  and  floors. 
If  you  clap  your  hands,  you  can  hear  the 
sound  for  several  seconds  before  it  is  com- 
pletely absorbed. 


THINGS  TO 

Sound  cannot  travel  through  a vacuum. 

Sound  travels  at  a speed  of  1,100  feet  per  sec- 
ond through  air. 

Sounds  are  produced  by  vibrating  objects. 

The  frequency  or  pitch  of  a sound  is  the  num- 
ber of  vibrations  per  second. 

Q 
A 

1 . What  is  the  speed  of  sound? 

2.  What  is  meant  bv  the  pitch  of  a sound? 


REMEMBER  — 

The  ear  is  sensitive  to  frequencies  of  from  20 
to  20,000  vibrations  per  second. 

Sound  waves  are  alternate  compressions  and 
rarefactions  of  the  air  that  travel  at  1,100  feet 
per  second. 

The  amplitude,  or  loudness,  of  sound  is  meas- 
ured in  decibels. 


U ESTIONS 

3.  What  is  meant  by  the  loudness  of  a sound? 

4.  What  is  reverberation? 

5.  What  is  the  range  of  audible  frequencies? 
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6.  A hunter  fires  a gun  and  the  smoke  is  seen 
by  a distant  observer  3 seconds  before  the 
sound  is  heard.  How  far  is  the  observer 
from  the  hunter? 

7.  How  sensitive  is  the  human  ear  to  sound? 

B 

8.  Is  the  speed  of  sound  always  1,100  feet  per 
second?  Explain. 

9.  A gun  is  fired  300  yards  from  a tall  cliff. 
The  sound  is  reflected  from  the  cliff  as  an 
echo  to  the  person  who  fired  the  gun.  How 


long  a time  elapses  between  the  firing  of  the 
gun  and  the  hearing  of  the  echo? 

10.  Describe  a demonstration  that  shows  that 
the  pitch  of  a sound  depends  upon  the 
number  of  vibrations  per  second  of  the 
source. 

1 1 . What  are  ultrasonics? 

1 2.  Draw  a graph  of  a sound  wave  in  which  the 
vertical  axis  represents  the  displacement  of 
an  air  molecule  and  the  horizontal  axis  rep- 
resents the  time. 


PROJECT 


To  Measure  the  Velocity  of  Sound.  This  project 
is  best  done  in  the  country  by  a small  group  un- 
der the  guidance  of  a teacher.  Borrow  a stop- 
watch and  a starter’s  gun  from  the  athletic  de- 
partment. Find  a straight  stretch  of  road,  half  a 
mile  or  more  in  length.  Measure  the  distance 
between  two  points  on  the  road  that  are  within 
sight  of  each  other  and  as  far  apart  as  possible. 
The  distance  may  be  measured  with  an  automo- 
bile. One  group  stays  at  one  end  with  the  stop- 
watch, and  the  other  group,  with  the  teacher, 
goes  to  the  other  end  of  the  measured  distance. 
The  teacher  then  fires  the  gun  so  that  its  smoke 


can  be  seen  by  the  student  operating  the  stop- 
watch. When  the  student  sees  the  smoke,  he 
starts  the  watch,  and  when  he  hears  the  shot  he 
stops  the  watch. 

The  velocity  of  sound  can  then  be  found  by 
dividing  the  distance  between  gun  and  observer 
by  the  time  between  the  sight  of  the  smoke  and 
the  sound  of  the  gun,  as  measured  on  the  stop- 
watch. For  most  accurate  results,  the  experi- 
ment should  be  done  when  there  is  little  or  no 
wind.  Can  you  explain  why  wind  could  cause 
an  error? 
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We  ha\'e  seen  that  a vibrating  tuning  fork 
gives  forth  sound.  When  the  fork  is  held  in 
the  hand,  the  sound  it  produces  is  not  very 
loud.  If,  however,  the  base  of  the  fork  is 
pressed  firmly  against  a large  hard  surface, 
such  as  a blackboard,  the  sound  is  much 
louder.  The  fork  sets  the  blackboard  in  vibra- 
tion at  the  same  frequency  as  itself.  The 
vibrations  of  the  blackboard,  called  forced  vi- 
brations, then  reinforce  the  sound  of  the  fork 
and  make  it  louder.  In  the  same  way  the 
sounding  board  in  a piano  strengthens,  or  re- 
inforces, the  tones  from  the  vibrating  strings. 
Without  the  vibrations  of  a sounding  board 
the  sounds  produced  by  striking  the  keys 
would  be  weak.  Sound  can  be  reinforced  by 
any  hollow  box  or  chamber  regardless  of  its 
shape.  The  box  of  a violin,  for  example,  re- 
inforces the  sound  produced  by  the  vibrating 
strings. 

Resonance.  It  has  been  found  that  a tube 
closed  at  one  end  can  be  used  to  reinforce 
sound.  But  it  reinforces  only  a sound  of  a 
particular  frequency.  Such  a tube  is  called 
a resonant  column.  The  frequency  or  wave 
length  to  which  it  is  resonant  depends  on  its 
length.  The  following  demonstration  shows 
the  relationship  between  the  length  of  the 
column  and  the  wave  length  of  the  reinforced 
sound. 

Demonstration  45-1.  A Resonant  Air  Column. 

Fill  a lOO-cc.  graduate  with  water.  Over  the 
I top  of  the  tube  hold  a vibrating  tuning  fork 
I whose  frequency  is  440  cycles  per  second  (the 


musical  pitch  of  A above  middle  C,  which  is  the 
standard  for  tuning  musical  instruments).  Is 
the  sound  of  the  fork  reinforced?  Now  pour  out 
from  5 to  10  cc.  of  the  water  and  again  hold 
the  vibrating  fork  over  the  graduate.  Repeat  this 
process  until  the  sound  is  strongly  reinforced. 
Now  pour  a little  more  water  back  into  the  tube 


and  adjust  the  level  until  you  have  the  maximum 
reinforcement.  The  air  column  in  the  tube  is 
now  a resonant  length.  It  measures  about  7.5 
inches. 

We  have  already  seen  that  the  wave  length 
of  a sound  can  be  expressed  by  the  equation 
V 

L = -pT , where  L is  the  wave  length,  V the 

velocity  of  sound,  and  F the  frequency  of  the 
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wave.  By  substituting  the  known  values  for 
V and  F,  we  find  that  in  this  case  L = 

440 

= 2.5  feet,  or  30  inches.  The  length  of  the 
resonant  column  which  reinforces  this  sound 
is  7.5  inches,  which  is  one-quarter  of  30  inches. 
We  conclude,  therefore,  that  the  length  of  a 
closed  resonant  column  is  exactly  one-quarter 
the  wave  length  of  the  sound  it  reinforces. 

Musical  Instruments.  A tube  that  is  open 
at  both  ends  also  reinforces  sound,  but  such 
a tube  is  a half  wave  length  long.  Both  open 
and  closed  tubes  are  used  in  organ  pipes  and 
whistles.  The  sound  is  produced  by  a stream 
of  air  blown  across  one  end  of  the  air  column. 
This  air  stream  makes  the  large  column  of  air 
in  the  tube  vibrate  at  its  resonant  frequency. 
Wind  instruments,  such  as  flutes,  clarinets, 
trombones,  and  tubas,  produce  sounds  in  a 
similar  manner. 

Vibrating  strings  also  produce  sound.  Vio- 
lin strings,  for  example,  vibrate  when  stroked 
with  a bow  made  of  stretched  horsehair.  The 
shorter  the  string,  the  higher  the  frequency  of 
vibration.  A string  is  shortened  by  pressing 
it  down  firmly  at  different  points  along  its 
length.  A violin  is  tuned  by  turning  a peg 
that  tightens  or  loosens  each  string,  thereby 
changing  its  pitch.  The  greater  the  tension 
in  the  string,  the  higher  is  its  frequency. 

The  sound  produced  when  a piano  is  played 
is  also  due  to  vibrating  strings.  Piano  strings 
are  set  in  vibration  by  percussion,  that  is, 
by  blows  from  small  klt-covered  hammers. 
Drums,  cymbals,  gongs,  and  xylophones  are 
also  percussion  instruments. 

Quality.  An  organ  pipe  may  produce  at 
the  same  time  two  sounds  having  different 
frequencies.  The  sound  with  the  lower  fre- 
quency is  called  the  fundamental.  The  other 
sound,  called  a harmonic  or  an  overtone,  has 
twice  the  frequency  of  the  fundamental. 
Some  sound  sources  produce  many  overtones 
of  different  frequencies  and  amplitude,  or 
intensity.  It  is  the  number  of  overtones  and 
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their  relative  intensity  that  distinguish  the 
sounds  of  different  musical  instruments.  A 
clarinet  and  a trumpet,  for  example,  sound 
different  and  are  easily  distinguishable  even 
though  they  produce  notes  of  the  same  funda- 
mental pitch.  This  difference  in  the  sound  or 
tone  of  musical  instruments  is  known  as 
quality.  The  quality  of  a sound  is  determined 
by  the  nature  of  its  overtones. 

The  Voice.  The  human  voice  produces 
sounds  by  means  of  vibrating  tissue  called 
the  vocal  cords,  in  the  larynx,  located  in  the 
windpipe.  These  cords  are  vibrated  by  air 
expelled  from  the  lungs.  The  tension  of  the 
vocal  cords  is  changed  by  muscular  action, 
producing  sounds  of  different  pitch.  The 
mouth  and  other  passages  act  as  resonating 
chambers.  The  quality  of  the  voice  c^n  be 
changed  by  varying  the  shape  and  size  of  these 
cavities  with  the  aid  of  the  lips,  tongue,  and 
teeth. 

The  Ear.  The  inside  of  the  ear  consists  of 
a series  of  passages  ending  in  the  spiral  canal, 
which  contains  thousands  of  little  hairs. 
Each  hair  has  a different  length,  is  resonant 
to  a different  pitch,  and  is  connected  to  a 
nerve  ending.  When  sound  waves  enter  the 
ear  they  strike  the  eardrum,  which  starts  vi- 
brating. The  vibration  sets  in  motion  three 
tiny  bones  which  amplify  the  sound  and  con- 
duct it  to  the  spiral  canal  of  the  inner  ear. 
There,  only  those  tiny  hairs  vibrate  that  are 
tuned  to  the  same  pitch  as  the  entering  sound. 
Their  vibrations  are  transmitted  in  the  form 
of  electrical  impulses  to  the  brain,  where  they 
are  interpreted  as  sound. 

The  Phonograph.  The  phonograph  was  in- 
vented by  Thomas  Edison.  Edison’s  first 
phonograph,  shown  in  Fig.  45-2,  consisted 
of  a cylinder  covered  with  tinfoil  against 
which  was  pressed  a sharp  point  or  needle 
connected  to  a metal  diaphragm.  When  tlie 
cylinder  was  rotated,  the  needle  traced  a spiral 
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groove  around  the  tinfoil  surface.  The  voice, 
or  other  sounds  near  the  diaphragm,  made 
the  needle  vibrate  so  that  the  groove  became 
a wavy  line  that  exactlv  reproduced  the  sound 
variations  causing  it.  After  this  “record"  had 
been  made,  the  needle  was  made  to  retrace 
the  spiral  and  thus  gave  out  a reproduction 
of  the  original  sound. 

The  modern  phonograph  record  has  tiny 
wavy  grooves  that  can  easily  be  seen  with  a 
powerful  magnifying  glass  in  a strong  light. 


correspondence  with  the  sound  waves  to  be 
recorded.  This  current  is  produced  by  a mi- 
crophone and  vacuum-tube  amplifier.  The 
changing  magnetic  field  magnetizes  the  iron 
wire  by  varying  amounts  as  it  moves  along, 
producing  a reel  with  a permanent  magnetic 
record  of  the  recorded  sound.  When  the  wire 
record  is  “played,"  it  is  fed  past  a coil  of  wire, 
inducing  a varying  current  in  the  coil  that  is 
amplified  by  vacuum  tubes.  The  current  is 
fed  to  a loud-speaker,  thereby  producing  the 


Courtesy  Thomas  A.  Edison,  Inc, 


Fig.  45—2.  Edison's  first  phonograph. 


The  needle  vibrations  on  a modern  phono- 
■ graph  disc  are  converted  into  varying  electri- 
I cal  currents,  which  are  amplified  by  vacuum 
i tubes  and  then  reconverted  into  sound  by  a 
j loud-speaker. 

iWire  Recording.  Another  method  exten- 
[ sively  used  for  recording  sound  is  wire  record- 

I ing.  In  this  system  a reel  of  iron  wire  is  fed 
jpast  the  poles  of  an  electromagnet  whose 

II  magnetic  field  is  made  to  vary  by  changing 
I [the  intensity  of  an  electric  current  in  exact 


sounds  originally  recorded  on  the  wire.  Plastic 
tape  coated  with  powdered  iron  is  often 
used  instead  of  iron  wire. 

Although  the  reels  are  cumbersome  and 
not  as  convenient  as  the  more  common  disc 
records,  wire  recording  has  two  advantages: 
it  plays  continuously  for  any  length  of  time, 
and  the  wire  can  easily  be  run  through  a de- 
magnetizer  that  “wipes  off"  the  recorded 
sounds  so  that  it  can  be  used  again.  Radio 
stations  often  make  wire  recordings  of  pro- 
grams to  be  broadcast  at  a later  time. 
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THINGS  TO  REMEMBER 


Overtones  occur  when  more  than  one  fre- 
quency is  produced  at  the  same  time. 

Most  sound  waves  are  very  complex  beeause 
of  the  presenee  of  overtones. 


The  quality,  or  distinguishing  sound,  of  a 
given  musical  instrument  depends  on  the  char- 
acter of  its  overtones. 

The  phonograph  was  invented  by  Thomas 
Edison. 


QUESTIONS 


A 

1.  Who  invented  the  phonograph? 

2.  How  can  sounds  be  reinforced? 

3.  A elosed  tube  reinforces  a sound  whose  wave 
length  is  4 feet.  How  long  is  the  tube? 

4.  How  does  the  ear  funetion? 

5.  How  does  the  voice  produce  sounds? 

B 

6.  To  what  frequency  will  the  following  col- 


umns be  resonant:  (a)  a elosed  tube  5 feet 
long;  (b)  an  open  tube  2 feet  long? 

7.  Why  does  a trumpet  playing  a certain  note 
sound  different  from  a saxophone  playing  the 
same  piteh? 

8.  What  is  the  difference  between  forced  vibra- 
tions and  resonant  vibrations? 

9.  What  is  the  length  of  an  open  tube  that 
reinforces  a sound  whose  frequeney  is  200 
cycles  per  second? 


PROJECTS 


1.  To  Measure  the  Speed  of  Sound  by  Reso- 
nance. The  fact  that  a closed  tube  must  be 
a quarter  of  a wave  length  long  to  reinforee  a 
sound  of  a given  frequency  can  be  used  to 
measure  the  velocity  of  sound. 

Determine  the  length  of  a column  resonant 
to  a 512-cycle-per-second  tuning  fork  b}  the 
method  used  in  Demonstration  45-1.  Find 
the  velocity  of  sound  by  calculation  from  the 
formula  V = FL.  L will  be  4 times  the 
length  of  the  resonant  tube. 

2.  To  Construct  a Monochord.  A monoehord  is 
a simple  musical  instrument  similar  to  the 
earliest  stringed  instruments.  It  can  be  used 
to  play  simple  tunes  and  also  to  illustrate 
some  facts  about  stringed  instruments. 

Make  a long,  shallow,  wooden  box  like 
that  shown  in  Fig.  45-3.  Cut  several  large 
holes  in  the  top,  and  glue  triangular  wedges 
near  the  two  ends,  as  shown  in  the  fig- 
ure. String  a wire  over  the  box  as  shown, 
with  weights  hanging  from  one  end.  The  in- 
strument should  be  placed  on  the  edge  of  the 
table  so  that  the  weights  can  hang  freely. 


Piano  wire  is  best  to  use,  but  any  kind  will  do. 

The  instrument  may  be  tuned  by  adding  or 
removing  weights.  It  ean  be  played  with  a 


Fig.  45—3.  A monochord. 


violin  bow  or  by  plueking  the  string.  Differ- 
ent pitches  can  be  obtained  by  placing  the 
finger  at  different  points  along  the  string  and 
pushing  down  hard. 


chapter  46 

THE  TELEGRAPH  AND  TELEPHONE 


One  of  the  wonders  of  our  modern  world 
is  the  ease  with  which  men  can  communicate 
with  one  another  even  when  separated  by 
thousands  of  miles.  A businessman  in  New 
York  can  lift  his  telephone,  give  a number, 


Courtesy  Western  Union  Telegraph  Co. 


Fig.  46-1.  Samuel  F.  B.  Morse  (1791-1872),  the 
inventor  of  the.  telegraph. 

[ and,  in  a few  minutes,  talk  to  a business  asso- 
' ciate  in  London,  Cairo,  Melbourne,  or  any 
other  part  of  the  world  having  regular  tele- 
' phone  service.  This  has  not  always  been  so. 
Only  a little  over  a hundred  years  ago  there 
were  no  telephones,  telegraphs,  or  radios.  As 


late  as  1860  overland  communication  in  the 
United  States  was  still  chiefly  by  the  famous 
pony  express.  Then  electricity  made  possible 
the  telegraph,  telephone,  radio,  and  television. 

The  Telegraph.  The  telegraph  was  invented 
by  Samuel  F.  B.  Morse  in  1832.  Morse  first 
publicly  demonstrated  his  invention  by  send 
ing  over  a wire  from  Baltimore  to  Washing- 
ton the  now  famous  message  “What  hath 
God  wrought!’'  This  proved  a fitting  remark 


SOUNDER  SOUNDER 


SWITCH 

^ A 

SWITCH 

B 

Fig.  46—2.  A simple  telegraph  circuit. 

for  the  opening  of  our  modern  era  of 
rapid  communication.  Morse’s  telegraph  has 
changed  little  in  a century,  but  it  has  been 
replaced  almost  entirely  by  the  teletype. 

A simple  telegraph  system  includes  a key 
and  a sounder.  The  key  is  an  electric  switch 
which  is  normally  kept  open  by  a spring  and 
is  closed  by  pushing  down  on  a large  button. 
The  key  may  be  kept  permanently  closed  by  a 
switch  handle.  The  sounder  is  a horseshoe 
electromagnet  which,  when  an  electric  current 
passes  through  it,  pulls  down  a soft  iron  arma- 
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ture  against  its  poles,  making  an  audible  click 
When  current  stops  flowing  through  the  mag- 
net, the  armature  is  pulled  upward  by  a spring 
until  it  hits  a stop  and  gives  out  another  click. 

The  circuit  of  a simple  telegraph  system 
is  shown  in  Fig.  46-2.  When  the  circuit  is 
not  in  use  the  two  keys  are  kept  closed  by 
their  switches.  During  this  time  the  current 
flows  from  the  battery  through  the  key  and 


Courtesy  United  Air  Lines 


Fig.  46—3.  Teletype  operators  dispatching  messages 
to  points  all  over  the  country.  This  is  part  of  a 
private  teletype  system  operated  by  a large  commer- 
cial air  line. 

sounder  at  station  A,  along  the  wire,  and 
through  the  sounder  and  key  at  station  B, 
and  back  through  the  ground  to  the  battery  at 
A.  When  the  operator  at  A wants  to  talk  to 
the  operator  at  B,  he  opens  the  switch  on  his 
key.  He  sends  his  message  by  dots  and  dashes 
made  by  pressing  down  and  releasing  his  key. 
Dashes  are  made  by  holding  the  key  down 
for  a fraction  of  a second,  and  dots  by  hold- 
ing it  down  for  a shorter  interval.  Each  letter 
in  the  alphabet  is  represented  by  a different 
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combination  of  dots  and  dashes  known  as  the 
Morse  code.  The  sequence  of  clicks  made 
by  A’s  key  and  sounder  is  repeated  exactly 
by  B’s  sounder.  When  A has  finished,  he 
closes  his  switch  and  the  operator  B can  send 
his  reply. 

The  Teletype.  Most  long-distance  communi- 
cations, however,  are  now  sent  by  teletype 
machines  like  those  shown  in  Fig.  46-3.  The 
teletype  is  operated  in  much  the  same  way  as 
a typewriter.  The  message  is  typed  out  on 
the  keyboard,  producing  electrical  impulses 
that  operate  a similar  automatic  typewriter 
at  the  receiving  end.  The  teletype  is  more 
accurate  than  the  telegraph.  As  the  message 
is  printed  automatically,  no  operator  is  needed 
at  the  receiving  end  and  Morse  code  is  un- 
necessary. 

The  Telephone,  The  telephone  was  invented 
by  Alexander  Graham  Bell  in  1876.  The 
basic  parts  of  a telephone  system  are  simple, 
and  their  operation  is  easy  to  understand. 
The  two  essential  parts  are  a microphone  and 
a receiver. 

A diagram  of  an  ordinary  telephone  mi- 
crophone is  shown  in  the  upper  part  of  Fig. 
46-5.  It  consists  of  a small  brass  box,  about 
an  inch  in  diameter,  that  is  filled  with  small 
particles,  or  granules,  of  carbon  about  the 
size  and  shape  of  coarse  grains  of  sand.  At- 
tached to  the  cover  of  the  box  is  a flexible 
diaphragm.  When  sound  waves  strike  this 
diaphragm,  it  vibrates  and  causes  the  cover 
of  the  metal  box  to  vibrate  as  well.  The  vi- 
bration of  the  cover  is  relayed  to  the  carbon 
granules;  they,  in  turn,  offer  varying  resist- 
ance to  the  electric  current  flowing  through 
them.  When  the  carbon  particles  are  com- 
pressed, their  resistance  to  the  electric  cur- 
rent is  reduced;  when  the  pressure  is  released, 
they  separate  and  their  resistance  is  increased. 
The  varying  resistance  causes  a varying  cur- 
rent in  the  line. 

A telephone  receiver  is  a small  horseshoe 
electromagnet  with  a soft-iron  diaphragm  a 
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fraction  of  an  inch  from  the  poles.  When 
the  varying  current  flows  through  the  coils 
of  the  magnet,  the  diaphragm  vibrates  and 
reproduces  the  sound  waves.  Even  complex 
sound  waxes  that  strike  the  diaphragm  of 
the  microphone  are  accurately  reproduced 
in  the  receix'er  of  a modern  telephone.  Fig. 
46-5  shows  a simple  telephone  circuit  con- 


Courtesy  American  Telephone  and  Telegraph  Co. 


Fig.  46-4.  Alexander  Graham  Bell  (1  847—1  922),  the 
inventor  of  the  telephone. 

^ sisting  of  a microphone,  receiver,  battery,  and 
p connecting  wires. 

Telephone  Repeaters.  If  a simple  telephone 
. circuit  is  set  up  to  cover  a distance  of  many 
I hundreds  of  miles,  the  resistance  of  the  tele- 
phone lines  is  so  great  that  the  current  flow- 
ing in  the  circuit  is  too  weak  to  operate  the 
receiver  at  the  far  end.  This  diflaculty  is  over- 
l ; come  by  the  use  of  repeaters  spaced  about 
I 30  miles  apart  along  the  line.  By  means  of 
} I vacuum  tubes  the  repeaters  amplify,  or  step 


NE 

up,  the  voltage  and  current,  so  that  there  will 
be  sufficient  power  to  operate  the  receiving 
apparatus  at  the  distant  location.  In  order 
to  understand  how  vacuum-tube  amplifiers 
work,  you  must  first  learn  something  about 
x'acuum  tubes  themselves. 

VACUUM  TUBES 

A vacuum  tube  is  an  evacuated  glass  or 
metal  tube  enclosing  several  metal  elements 
that  control  the  flow  of  electrons  through  the 


vacuum.  The  simplest  kind  of  vacuum  tube 
is  a diode,  which  is  used  to  rectify  alternating 
currents,  that  is,  to  change  them  to  direct  cur- 
rents. 

Diodes.  The  diode  has  two  important  ele- 
ments, a cathode  and  a plate.  The  properties 
of  a diode  were  discovered  by  Thomas  Edison 
while  he  was  developing  his  incandescent 
electric  light.  In  addition  to  the  filament  he 
sealed  an  extra  wire  into  a light  bulb,  and 
connected  a battery  and  an  ammeter  between 
the  filament  and  this  extra  wire  as  shown  in 
Fig.  46-6.  He  found  that  a current  flowed 
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through  the  ammeter  when  the  filament  was 
lighted.  If,  however,  the  polarity  of  the  bat- 
tery was  reversed,  so  that  the  extra  wire  (in 
modern  diodes,  called  the  plate)  was  nega- 
tive, no  current  flowed  through  the  ammeter. 

The  above  effect  has  been  called  the  Edison 
effect.  Its  explanation  is  quite  simple.  When 
the  filament  becomes  hot,  its  atoms  vibrate 
so  rapidly  that  some  electrons  are  knocked 
out  of  the  atoms  on  the  surface  of  the  wire 
and,  unimpeded  by  air  molecules,  fly  out  into 
the  vacuum  in  the  bulb.  This  process  is 
similar  to  the  evaporation  of  molecules  from 
a liquid,  because  the  higher  the  temperature 


ELECTRONS  EMITTED  BY 
FILAMENT  ARE 


FILAMENT 

BATTERY 
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Fig.  46—6.  The  flow  of  electrons  from  the  filament 
in  this  bulb  to  the  plate  wire  is  called  the  Edison 
effect. 


of  the  filament,  the  greater  is  the  number  of 
electrons  given  off.  If  the  plate  has  a positive 
charge,  the  electrons  that  leave  the  filament 
are  attracted  to  it,  and  flow  through  the  am- 
meter, back  to  the  battery,  B.  Moreover,  as 
fast  as  electrons  leave  the  filament,  or  cathode, 
as  it  is  commonly  called,  more  electrons  from 
the  same  battery  take  their  place.  However, 
if  the  plate  is  made  negative  by  reversing  the 
connections  of  the  B battery,  it  repels  the 
electrons  from  the  filament  and  no  current 
will  flow.  Notice  that  there  are  two  circuits 
in  Fig.  46-6,  the  plate  circuit  supplied  with 
current  by  the  B battery,  and  the  filament 
circuit  supplied  with  current  by  the  A battery. 


COMMUNICATION 

The  only  function  of  the  filament  circuit  is 
to  heat  the  filament  so  that  it  will  give  off 
electrons.  Such  diodes  (Fig.  46-7)  are  used 
in  electronic  apparatus. 

Triodes.  A triode  tube,  as  its  name  suggests, 
has  three  important  elements,  and  is  used  to 
amplify  a current.  Like  a diode,  it  has  a 
cathode  and  a plate;  in  addition  it  has  a grid 
of  fine  parallel  wires  placed  between  the  cath- 
ode and  the  plate.  Lee  DeForest,  an  Amer- 


(a)  (b) 


Fig.  46—7.  The  construction  of  a simple  diode  end 
its  schematic  symbol  is  shown  in  (o).  Some  modern 
tubes  have  an  indirectly  heated  cathode  as  shown 
in  (b)  in  which  the  electron-emitting  cathode  is 
heated  by  a filament  that  is  not  electrically  connected 
to  the  cathode. 


ican,  was  the  first  to  make  such  a tube.  He 
found  that  when  the  grid  is  charged  nega- 
tively, the  flow  of  current  between  cathode 
and  plate  is  reduced,  because  electrons  mov- 
ing from  the  cathode  toward  the  plate  are 
repelled  back  toward  the  cathode  by  the 
negatively  charged  grid.  As  a result,  only 
a few  electrons  get  between  the  grid  wires 
and  reach  the  plate.  If  the  grid  is  made 
positive,  however,  electrons  are  helped  on 
their  journey  to  the  plate,  and  the  current 
through  the  tube  is  increased. 
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Demonstration  46-1.  The  Construction  of  a Triode  Tube. 

Obtain  a burned-out  triode  tube  with  a glass 
envelope  (such  as  a 6J5G  or  6J5GT)  from  a 
radio-service  shop.  After  wrapping  it  in  cloth, 
break  the  glass  envelope  by  squeezing  it  in  a vise. 
With  a pair  of  wire  cutters,  remove  the  plate 
and  examine  the  structure  of  the  tube.  Look 
carefully  for  the  three  elements — grid,  cathode. 


^PLATE 
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(a)  (b)  (c) 

cathode  control  grid  added  plate  added 


(d) 

TOP  VIEW  STANDARD  SYMBOLS  FOR  TRIODES 

THE  SAME  SYMBOLS  WITH 
THE  HEATER  (FILAMENT) 

OMITTED  FOR  SIMPLICITY 

Fig.  46—8.  Construction  of  a triode  tube. 

and  plate — and  notice  how  they  are  connected 
to  the  prongs  on  the  base  of  the  tube. 

The  grid,  as  DeForest  discovered,  can  be 
used  to  control  the  current  and  voltage  in 
the  plate  circuit  and,  most  important  of  all, 
a small  change  in  the  voltage  applied  to  the 
grid  of  the  tube  will  produce  a very  large 


CATHODE^-^  PLATE 


change  in  voltage  in  the  plate  circuit  of  the 
tube.  It  is  this  property  of  a triode  that 
gives  us  our  modern  electronic  amplifiers  that 
change  small  voltages  to  large,  useful  voltages 
in  telephone  repeaters,  phonographs,  radios, 
sound-movie  projectors,  and  many  other  de- 
vices. 

By  the  use  of  such  amplifiers  it  is  possible 
to  talk  into  a telephone  in  New  York  and  be 
heard  in  San  Francisco  as  clearly  as  though 


AMPLIFIED 

OUTPUT 


"a"  BATTERY 

Fig.  46—9.  A simple  amplifier  circuit. 


the  telephone  line  were  only  a few  feet  long. 
But  let  us  return  to  the  businessman  in  New 
York  who  wishes  to  talk  to  someone  in  Lon- 
don. How  can  we  amplify  signals  every  thirty 
miles  along  a submarine  cable  lying  on  the 
floor  of  the  Atlantic  Ocean?  This  is  not  easy, 
and  so  we  turn  to  radio  waves.  Today  trans- 
oceanic telephoning  is  accomplished  by  means 
of  radio  links  over  the  ocean  from  one  shore 
to  the  other.  In  the  next  chapter  you  will 
learn  about  radio  communication. 


THINGS  TO  REMEMBER 


The  telegraph  was  invented  by  Morse  in  1832. 
The  telephone  was  invented  by  Bell  in  1876. 
A diode  is  the  simplest  kind  of  vacuum  tube 
that  contains  a filament,  cathode,  and  plate. 

Diodes  are  used  as  rectifiers  to  change  alter- 
nating current  to  direct  current. 


A triode  contains  filament,  cathode,  grid,  and 
plate. 

A triode  can  be  used  to  amplify  weak  electric 
currents. 


QUESTIONS 


A 

1 . Who  invented  the  telegraph,  and  when  was 
it  first  used? 

2.  What  are  the  essential  parts  of  a telegraph? 


3.  How  is  a telegraph  sounder  constructed? 

4.  What  is  a teletype? 

5.  State  the  advantage  of  the  teletype  over  the 
simple  telegraph. 


i! 
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6.  Who  invented  the  telephone,  and  when? 

7.  What  are  the  essential  parts  of  a simple  tel- 
ephone eircuit? 

8.  What  are  telephone  repeaters,  and  where 
and  why  are  they  used? 

9.  What  is  a diode  tube? 

10.  What  is  a triode,  and  for  what  ean  it  be 
used? 

B 

1 1 . Draw  a diagram  of  a simple  two-way  tele- 
graph circuit,  and  describe  its  operation. 

PROJECT 

To  Make  a Simple  Microphone.  A simple  home- 
made microphone  is  shown  in  the  Fig.  46-10. 

The  base  is  a cigar  box  in  which  two  double- 
edged  razor  blades  are  imbedded.  An  electrical 
connection  is  made  by  soldering  a wire  to  each 
blade  and  laying  a pencil  lead  across  the  edges 
of  the  blades.  The  microphone  should  be  con- 
nected in  series  with  a telephone  receiver  and 
3-volt  battery  of  two  dry  cells  connected  in  se- 
ries. If  an  alarm  clock  is  placed  on  the  box,  you 
will  be  able  to  hear  it  tick  by  listening  in  the 
receiver.  Can  you  explain  how  this  microphone 
works? 
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12.  Describe  the  construction  and  operation  of 
a microphone. 

13.  Describe  the  construction  and  operation  of 
a telephone  receiver. 

14.  Draw  the  circuit  of  a simple  one-way  tele- 
phone system. 

15.  What  is  the  Edison  effect? 

16.  Why  will  no  current  flow  through  a diode 
when  the  plate  is  charged  negatively  and 
the  cathode  charged  positively? 

What  is  the  function  of  the  grid  in  a tri- 
ode? 


Fig.  46—10.  A simple  microphone  con  be  made  from 
a cigar  box,  two  razor  blades,  and  a pencil  lead  that 
will  pick  up  the  "ticks"  of  an  alarm  clock. 


17. 
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RADIO  AND  ELECTRONICS 


Radio  is  one  of  man’s  most  spectacular  in- 
ventions. By  radio  the  complex  sounds  of  a 
symphony  can  be  sent  through  space  to  be 
reproduced  at  distant  places  by  radio  re- 
ceivers. Radio  waves — electromagnetic  waves 
of  wave  length  too  great  for  the  human  eye 
to  see— make  this  transmission  possible.  These 
waves,  traveling  at  the  speed  of  light,  enable 
a radio  listener  in  Boston  to  hear  the  words 
of  a speaker  in  a large  auditorium  in  New 
York  before  the  people  in  the  back  rows  of 
the  hall  hear  them.  This  is  because  radio 
waves  travel  almost  a million  times  as  fast  as 
sound.  Similarly,  television  enables  us,  by 
means  of  radio  waves,  to  see  at  a distance  far 
beyond  the  range  of  the  human  eye.  How 
has  man  learned  to  put  electromagnetic 
waves  to  such  amazing  uses?  To  answer  this 
question,  let  us  go  back  a century  to  the 
time  of  James  Clerk  Maxwell,  a Scottish 
mathematician  and  physicist. 

The  Discovery  of  Radio  Waves.  From  his 
studies  of  light  waves.  Maxwell  predicted  that 
radio  waves  must  exist  and  have  properties 
similar  to  those  of  light  waves.  Heinrich 
Hertz,  a German  physicist,  was  the  first  scien- 
tist to  demonstrate  in  the  laboratory  that 
such  waves  could  be  produced  and  detected 
by  man.  The  apparatus  he  used  to  generate 
and  detect  these  waves  was  very  simple,  con- 
sisting mainly  of  two  spark  gaps  (see  Fig. 
47-1).  The  spark  gap  on  the  left  was  sup- 
plied with  a high  voltage  so  that  a series  of 


sparks  jumped  across  the  gap.  The  adjustable 
wire  loop  and  gap  on  the  right  was  placed  a 
few  feet  away  and,  when  the  sliding  connec- 
tion on  the  loop  was  placed  at  the  proper 
point,  sparks  would  also  jump  across  this  gap 
though  there  was  no  source  of  power  in  tliis 
“receiver.”  The  energy  of  the  spark  had  trav- 
eled by  electromagnetic  waves  through  space 
from  the  “transmitter”  to  the  receiver. 


Fig.  47—1.  Hertz's  apparatus  for  generating  and 
receiving  radio  waves. 


Hertz  investigated  the  properties  of  these 
waves  and  found,  as  Maxwell  had  predicted, 
that  they  could  be  reflected  by  metal  surfaces, 
focused  into  beams,  and  refracted.  Hertz 
never  thought  of  the  possibility  of  using  these 
waves  for  communication  purposes.  It  was 
Guglielmo  Marconi,  an  Italian,  who  first  put 
them  to  practical  use  in  the  form  of  wireless 
telegraphy. 

Early  Wireless  Telegraphy.  Marconi  in- 
creased the  distance  over  which  radio  waves 
could  be  sent,  and  used  them  for  communica- 
tion purposes.  To  do  this  he  used  higher  volt- 
ages and  consequently  bigger  sparks  in  the 
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transmitter,  coupled  with  long  wires,  or  an- 
tennas, to  better  radiate  the  electromagnetic 
energy  through  space.  He  also  used  a more 
sensitive  detector  than  Hertz’s  simple  spark- 
gap  receiver.  Marconi  started  in  1893  by 
sending  a message  over  a distance  of  5,000 
feet.  In  1899  he  communicated,  by  wireless 
telegraphy,  as  radio  was  then  called,  across 
the  English  Channel.  In  1901  he  succeeded 
in  receiving  at  St.  John’s,  Newfoundland, 
signals  from  a transmitter  in  England.  This 
event  marked  the  coming-of-age  of  radio. 
Soon  ships  were  using  Marconi’s  apparatus 
to  keep  in  touch  with  their  home  ports  and 
to  appeal  for  help  in  emergencies.  One  of  the 
first  dramatic  uses  of  wireless  telegraphy  re- 
sulted in  the  arrest  of  a man  wanted  for 
murder.  It  was  suspected  that  the  criminal 
was  fleeing  from  England  to  Canada.  This 
information  was  sent  by  wireless  and  the  man 
was  arrested  as  he  stepped  off  the  boat  at 
Halifax. 

Radio  communication  did  not  progress  be- 
yond simple  wireless  telegraphy  for  some  time 
— not  until  the  triode  vacuum  tube  was  per- 
fected. In  1920  station  KDKA  in  Pittsburgh 
broadcast  the  first  radio  entertainment  pro- 
gram of  voice  and  music. 

Generation  of  Radio  Waves.  To  understand 
how  an  electric  spark  produces  radio  waves 
we  must  first  realize  that  a spark  discharge 
consists,  not  of  a simple  flow  of  electric  charges 
in  one  direction,  but  rather  of  a rapid  vibra- 
tion of  charges  across  the  spark  gap.  In  other 
words,  an  alternating  current  flows  across  the 
gap.  The  frequency  of  such  alternating  cur- 
rents ranges  from  a few  thousand  cycles  to 
several  billion  cycles  per  second.  Flowing  in 
the  wires  of  a transmitting  antenna,  these 
high-frequency  currents  send  out  electromag- 
netic waves  in  all  directions  through  space 
with  the  speed  of  light. 

Radio  transmitters  no  longer  use  electric 
sparks  to  generate  radio  waves.  Soon  after 
the  discovery  of  the  Edison  effect  it  was  found 
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that  a triode  vacuum  tube  would  generate 
high-frequency  currents  much  more  efficiently. 
Modern  radio  transmitters  contain  many  vac- 
uum tubes  connected  in  a complex  circuit. 
They  always  contain  an  oscillator  tube  that 
generates  alternating  currents  of  specific  fre- 
quency but  usually  of  very  low  power.  These 
alternating  currents  are  then  amplified  many 
hundreds  or  thousands  of  times  by  a series 
of  amplifier  tubes  and  fed  into  the  transmit- 
ting antenna,  which  radiates  this  energy  as 
powerful  radio  waves  to  all  corners  of  the 
earth.  The  arrangement  of  oscillator,  ampli- 
fiers, and  antenna  is  shown  in  Fig.  47-2. 

A radio  transmitter  of  this  kind  can  be 
used  only  for  radio  telegraphy.  The  source 
of  high-voltage  power  to  the  final  amplifier 
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Fig.  47—2.  Block  diagram  of  a radiotelegraph 
transmitter. 

tubes  is  turned  on  and  off  by  means  of  a 
telegraph  key,  thus  producing  a radio  wave 
interrupted  according  to  the  dots  and  dashes 
of  the  international  Morse  code.  In  order  to 
transmit  voice  and  music,  additional  equip- 
ment is  needed,  as  described  later  in  this 
chapter. 

Radio  Static.  Though  radio  waves  produced 
by  sparks  are  no  longer  of  much  practical 
use,  we  still  have  evidence  of  them  in  the 
form  of  static.  The  crashes  of  static  heard  on 
a radio  during  a thunderstorm  are  the  result 
of  radio  waves  produced  by  sparks  of  light- 
ning. These  waves  travel  with  the  speed  of 
light.  You  can  easily  prove  this  by  watching 
the  sky  for  lightning  while  listening  to  the 
radio.  The  flash  of  lightning  and  the  crash 
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of  static  on  the  radio  occur  at  the  same  in- 
stant; whereas  the  thunder,  which  travels  at 
the  slower  speed  of  sound,  is  usually  heard 
several  seconds  later.  Vacuum  cleaners,  door- 
bells, electric  shavers — in  fact  all  electric 
devices  that  produce  sparks— generate  radio 
waves  that  interfere  with  normal  radio  re- 
ception. 

Broadcasting  Voice  and  Music  (Radiote- 
lephony). To  transmit  voice  and  music  the 
high-frequency  waves  must  be  made  to  vary 
in  intensity  according  to  the  variation  in  the 
sound  waves  of  the  voice  or  music.  This  is 
done  by  first  converting  the  sound  variations 
into  a varying  electric  current  by  means  of 
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AMPLIFIERS  MODULATOR 

Fig.  47—3.  Block  diagram  of  a plate-modulated 
radiotelephone  transmitter. 


a microphone,  just  as  in  a simple  telephone. 
This  varying  voice  current,  or  audio-frequency 
current,  is  then  amplified ‘by  a vacuum  tube 
called  a modulator.  This  amplified  current 
controls  the  power  applied  to  the  final  ampli- 
fier of  a radio  transmitter  such  as  that  shown 
in  Fig.  47-3.  In  this  way  the  intensity  of  the 
radio  waves  is  varied  in  accordance  with  the 
sound  variations  of  the  voice  or  music  entering 
the  microphone.  This  type  of  modulation 
(varying  of  the  radio  waves  in  accordance 
with  the  sound  to  be  broadcast)  is  called 
amplitude  modulation  because  the  amplitude, 
or  intensity,  of  the  waves  is  varied.  Frequency 
modulation,  which  has  some  advantages  over 
amplitude  modulation,  is  discussed  later  in 
this  chapter. 


Let  us  now  summarize,  with  the  aid  of 
Fig.  47-4,  the  operation  of  a modern  broad- 
cast transmitter.  Radio-frequency  currents 
are  generated  by  the  oscillator  tube.  (These 
currents  are  shown  in  part  a of  Fig.  47-4.) 
They  are  amplified  by  intermediate  ampli- 
fiers (see  b and  c),  and  still  more  by  the  final 
power  amplifier,  and  then  fed  into  the  an- 
tenna. At  the  same  time  the  microphone 
current  (see  d of  Fig.  47-4)  is  amplified  by 
the  modulator  e,  and  then  used  to  vary  the 
intensity  of  the  radio-frequency  currents  in 
the  final  amplifier,  as  shown  in  f.  Thus  we 
have  a high-frequency  current  that  varies  in 
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Fig.  47—4.  Wave  forms  in  different  stages  of  a 
plate-modulated  radiotelephone  transmitter. 


intensity  at  a much  lower  audio  rate,  and  a 
corresponding  radio  wave  is  radiated  from 
the  antenna. 

A Simple  Radio  Receiver.  Let  us  now 
examine  a simple  radio  receiver  to  see  how 
radio  waves  may  be  picked  up,  detected,  and 
converted  into  audible  sound.  Four  parts 
are  needed:  (1)  an  antenna,  (2)  a tuned  cir- 
cuit, (3)  a detector,  and  (4)  a reproducer. 
The  antenna  need  be  only  a wire,  between 
30  and  100  feet  long,  insulated  from  sur- 
rounding objects  and  placed  high  above  the 
ground.  One  end  of  it  runs  to  the  tuned 
circuit,  which  consists  of  a coil  and  a con- 
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Fig.  47—5.  A simple  radio-receiver  circuit. 


TO 

ANTENNA 


MICROPHONE 


Fig.  47—7.  A simplified  block  diagram  of  a fre- 
quency-modulated transmitter. 


denser  (see  Fig.  47-5).  The  tuned  eireuit  is 
eonneeted  to  the  diode  deteetor  whieh,  in 
turn,  is  connected  to  the  reproducer.  The 
reproducer  consists  of  a pair  of  headphones 
and  is  similar  to  a telephone  receiver.  Fig. 
47-5  shows  how  this  apparatus  is  connected. 

Modern  Radio  Receivers.  The  simple  re- 
ceiver we  have  already  discussed  could  have 
its  sensitivity,  or  ability  to  pick  up  weak  sig- 
nals, increased  by  additional  vacuum  tubes. 
Audio  amplifiers  can  be  added  to  increase  the 
power  of  the  signal  from  the  detector.  Radio- 
frequency amplifiers  can  be  placed  between 
the  antenna  and  detector  to  amplify  the 
radio-frequency  currents  from  the  antenna 
before  they  are  detected.  A receiver  using 
both  these  kinds  of  amplification  is  called 
a tuned  radio-frequency  receiver.  Most  mod- 
ern receivers  are  essentially  of  this  type  but 
include  an  additional  tube,  a converter,  in 
what  is  called  a superheterodyne  circuit. 

Frequency  ModuBation.  Recently  another 
method  of  transmitting  and  receiving  radio 
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Fig.  47—6.  A tuned  radio-frequency  receiver.  Each 
radio-frequency  amplifier  stage  contains  a tuned 
circuit. 


signals  has  come  into  use.  It  is  known  as 
frequency  modulation.  A frequency-modula- 
tion (FM)  transmitter  is  similar  to  an  ampli- 
tude-modulation (AM)  transmitter  except  that 
a very  low-power  modulator  is  used  to  vary 
the  frequency  of  the  radio-frequency  currents 
generated  by  the  oscillator  tube.  Fig.  47-7 
is  a diagram  of  such  a transmitter.  The  radio 
wave  from  the  antenna  is  constant  in  inten- 
sity but  varies  in  frequency  according  to  the 
sounds  picked  up  by  microphone.  Fig.  47-8 
shows  an  amplitude-modulated  wave  and  a 
frequency-modulated  wave.  Notice  how  the 


(b) 


Fig.  47—8.  (o)  Amplitude-modulated  waves;  (b) 

frequency-modulated  waves. 
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length  of  the  frequency-modulated  wave  is 
constantly  changing.  This  means,  of  course, 
a constantly  changing  frequency.  The  inten- 
sity of  the  frequency-modulated  wave,  on  the 
other  hand,  remains  the  same.  This  is  the 
exact  opposite  to  an  amplitude-modulated 
wave,  in  which  it  is  the  intensity  that  is  con- 
tinually changing  while  the  frequency  remains 
constant. 

A frequency-modulation  receiver  is  essen- 
tially the  same  as  an  amplitude-modulation 
’ receiver  except  that  it  contains  a different 
type  of  detector,  called  a discriminator.  The 
discriminator  is  a diode,  but  it  is  arranged  in 
a circuit  that  will  convert  changes  in  fre- 
quency  to  changes  in  strength  of  a direct 
; current.  This  direct  current,  changing  at  an 
f audio  rate,  is  then  amplified  in  the  usual 
r way  and  fed  into  the  loud-speaker.  Both  AM 
and  FM  receivers  are  sometimes  built  into 
one  set  so  that  either  type  of  broadcast  may 
be  received. 

The  principal  advantage  of  FM  over  AM 
is  that  much  less  static  is  picked  up  by  an 
; FM  receiver.  This  is  because  most  static  con- 
sists of  amplitude-modulated  waves  and  has 
''  very  little  frequency  modulation. 

Transmission  of  Radio  Waves  over  Long 
Distances.  Using  light  waves,  we  can  see 
only  as  far  as  the  horizon.  One  might  well 
ask  why  radio  waves,  which  have  properties 
similar  to  light  waves,  can  bend  around  the 
curvature  of  the  earth  and  travel  all  over  the 
!.  world.  They  can  do  this  because  far  above 
I the  stratosphere  there  is  a layer  of  air  at  very 
! low  pressure  called  the  ionosphere  (see  Fig. 
19-19  in  Chapter  19).  The  ionosphere  con- 
ducts electricity;  and  though  it  cannot  reflect 
light,  it  does  reflect  the  longer  electromagnetic 
waves  of  radio  around  the  curved  surface  of 
the  earth.  Actually,  not  much  radio  energy 
is  reflected  by  the  ionosphere  from  stations 
in  the  standard-broadcast  band.  Most  of 
the  energy  from  these  stations  reaches  us 
directly  through  the  atmosphere  and  through 
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the  earth’s  surface.  The  reflection  of  the 
ionosphere  is  most  efficient  in  the  short-wave 
band,  and  stations  operating  in  this  range 
are  used  for  transoceanic  telephone  service. 

Since  there  are  many  thousands  of  radio 
transmitters  now  operating  all  over  the  world, 
the  lower  frequencies  are  overcrowded.  There- 
fore such  new  developments  as  FM  and  tele- 
vision (TV)  must  operate  on  the  very  high 
frequencies  where  there  is  more  room.  Since 
the  range  of  transmitters  operating  on  these 
frequencies  is  only  as  far  as  the  natural  hori- 
zon (such  high-frequency  waves  not  being  re- 
flected by  the  ionosphere),  FM  and  television 
transmitting  antennas  are  usually  placed  as 
high  as  possible,  on  the  tops  of  tall  buildings 
and  hills,  to  extend  their  range.  For  the  same 
reason  FM  and  television  receiving  antennas 
should  also  be  placed  as  high  above  the 
ground  as  possible. 

Television.  Television — the  transmission  of 
light  images  by  means  of  an  electric  current 
and  radio  waves — is  accomplished  by  taking 
apart  the  picture  to  be  transmitted  and  send- 
ing it  piece  by  piece  by  high-frequency  radio 
waves  to  the  receiver,  where  it  is  put  together 
again.  The  whole  process  is  so  rapid  that 
the  eye  is  conscious  only  of  the  completed 
moving  picture. 

The  scene  to  be  televised  forms  an  optical 
real  image  on  a special  sensitive  surface  in 
the  television  pick-up  tube  located  in  the 
studio.  The  image  is  formed  by  a system  of 
lenses  in  a camera  that  is  similar  to  an  ordi- 
nary photographic  camera;  the  sensitive  sur- 
face in  the  pick-up  tube  corresponds  to  the 
film  of  an  ordinary  camera.  A narrow  beam 
of  electrons  from  a hot  cathode  in  the  pick-up 
tube  scans  the  sensitive  surface  back  and 
forth,  line  by  line,  moving  down  the  surface 
until  it  has  covered  the  whole  surface  in  a 
manner  similar  to  that  in  which  one  reads 
a page  in  a book.  As  the  beam  sweeps  over 
the  light  and  dark  areas  of  the  real  image,  a 
varying  electric  current  is  produced  that  mod- 
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ulates  a radio  transmitter.  This,  in  turn,  pro- 
duces a varying  current  in  the  output  of  a 
television  receiver  that  controls  the  intensity 
of  a beam  of  electrons  in  the  picture  tube  of 
the  television  receiver.  This  beam  is  made, 
by  complex  electronic  circuits,  to  scan  the 
face  of  the  picture  tube  exactly  in  step  with 
the  beam  of  electrons  in  the  pick-up  tube  in 
the  television  studio.  It  thus  produces  a pat- 
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the  three  colors  red,  blue,  and  green  are  trans- 
mitted and  received  separately  and  then  com- 
bined in  the  final  picture. 

Radar.  Radar  (an  abbreviation  for  mdio  di- 
rection finding  dnd  ranging)  is  a device  that 
employs  radio  waves  of  extremely  high  fre- 
quencies to  locate  objects  through  dense  fog 
and  clouds  either  in  daylight  or  in  darkness. 


TRANSMITTING 


TELEVISION 

PICTURE 


RECEIVING 


tern  of  light  and  dark  on  the  picture-tube 
face  that  is  an  exact  reproduction  of  the 
scene  being  televised.  The  image  of  the  tele- 
vised scene  is  scanned  in  about  second— 
so  fast  that  the  eye  is  unaware  of  the  scanning 
process  and  sees  a steady,  continuous  picture. 
The  process  of  transmission  and  reception  is 
shown  in  Fig.  47-9. 

Color  television  is  produced  in  the  same 
way  as  black-and-white  television,  except  that 


Every  radar  station  employs  both  a trans- 
mitter and  a receiver.  The  transmitter  sends 
out  a series  of  short  pulses  of  radio  waves 
focused  into  a narrow  beam.  These  radio- 
wave pulses  travel  at  the  speed  of  light  to  the 
target  and  are  reflected  back  by  it  to  the  an- 
tenna and  into  the  receiver,  as  shown  in  Fig. 
47-11.  The  target  is  first  located  by  slowly 
scanning  the  horizon  or  the  sky  with  the 
radio  beam  until  a reflected  signal  is  picked 
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up  on  the  receiver.  The  direction  in  which 
the  beam  is  pointing  shows  the  direction  of 
the  target.  The  distance  of  the  target  is  found 
by  measuring  the  time  it  takes  a pulse  to 
reach  the  target  and  return. 

The  apparatus  needed  for  radar  is  complex 
and  expensive.  Radar  proved  its  great  use- 
fulness during  World  War  II  in  detecting 
through  fog  and  clouds  enemy  airplanes  and 
ships  more  than  a hundred  miles  away.  It 
is  useful  also  in  peacetime  in  navigating  ships 


Courtesy  General  Electric  Co. 

Fig.  47—1  0.  A large  radar  antenna  on  the  top  of  the 
mast  of  the  USS  Juneau. 


ji  and  planes  througE  fog  and  clouds,  because 

I shorelines,  buoys,  icebergs,  other  ships  and 

II  planes,  and  objects  on  the  ground  are  easily 
identified.  Since  the  very-high-frequency  radio 

i waves  of  radar  are  reflected  by  raindrops  and 

I snow,  radar  serves  as  a means  of  locating 
storms  and  observing  their  progress. 

I Some  radar  sets  have  been  built  to  aim 

1 anti-aircraft  and  naval  guns  automatically. 

j In  World  War  II  Japanese  ships  were  de- 

Ij  stroyed  with  the  aid  of  radar  without  having 
been  seen  by  the  ships  that  sank  them, 

I 

i 


One  of  the  most  complex  types  of  radar 
used  shows  on  a screen  a complete  map  of 
the  surrounding  countryside.  The  remarkable 
radar  picture  shown  in  Fig.  47-12  is  a photo- 
graph of  a radar  screen  on  a B-17  bomber 
flying  over  New  York  City. 

Sonar.  Radar  is  unable  to  “see”  objects 
underwater,  since  water  reflects  radio  waves. 
However,  sonar  {sound  and  ranging)  was  used 


Fig.  47—11.  A radar  set  receives  reflected  radio 
signals  from  the  target  it  has  located. 

during  World  War  II  to  locate  submerged 
submarines.  In  sonar,  sound-wave  pulses  of 
a frequency  just  above  the  audible  range  are 
sent  through  the  water  and  are  reflected  and 
received  in  the  same  manner  as  in  radar. 

Loran.  Loran  (Zong-rdnge  navigation)  is  a 
system  now  widely  used  by  ships  and  planes 
for  determining  their  positions  at  sea.  Like 
radar,  it  employs  short  pulses  of  radio  waves. 
These  pulses  are  transmitted  by  shore  stations 
and  picked  up  on  a loran  receiver  by  a ship 
or  plane.  The  actual  position  of  the  ship  is 
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Courtesy  Radiation  Laboratory,  Massachusetts  Institute  of  Technology 

Fig.  47—12.  Radarscope  photograph  of  part  of  New  York  City  and  northeastern  New  Jersey 
taken  from  a B-17.  When  the  photograph  was  taken,  the  plane  was  almost  directly  over  Union 
City,  New  Jersey  (the  spot  in  the  center  of  the  circle).  Manhattan  Island  with  Central  Park  in 
the  northern  section  and  the  docks  along  the  river,  the  Hudson  River,  the  East  River,  and  the 
Queensboro  and  Williamsburg  bridges  joining  Manhattan  and  Long  Island  are  all  clearly  visible 
in  the  right  half  of  the  photograph.  In  the  left  half,  the  crowded  industrial  centers  of  north- 
eastern New  Jersey  and  the  winding  course  of  the  Hackensack  River  can  easily  be  identified. 
Distance  is  indicated  by  the  concentric  circles  used  for  navigation  and  bombing. 


determined  by  measuring  the  length  of  time 
between  pulses  from  a pair  of  loran  stations 
transmitting  simultaneous  pulses.  Actually 
data  from  two  pairs  of  such  stations  are 
needed.  In  this  way,  it  is  possible  to  deter- 
mine one’s  position  accurately  at  distances 
of  several  thousand  miles  from  the  nearest 
loran  station. 


Other  Uses  of  Radio.  Radio  waves  have  been 
put  to  hundreds  of  uses,  including  blind- 
landing systems  by  which  a plane  is  made 
to  land  safely  without  the  aid  of  a pilot; 
the  familiar  radio  range  or  radio  beam  that 
keeps  planes  on  their  course;  and  unattended 
automatic  weather  stations  that  transmit  com-  ■ 
plete  weather  reports  at  regular  intervals  from  i 
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remote  islands.  There  are  also  guided  mis- 
siles that  contain  a television  eye,  enabling 
an  operator  on  the  ground  to  fly  and  control 
the  missile  straight  to  its  target.  In  1947  a 
plane  took  off  from  the  United  States,  crossed 

THINGS  TO 

Wireless  telegraphy  was  invented  by  Gu- 
glielmo  Marconi. 

Voice  and  music  programs  were  first  broadcast 
in  1920. 

Radio  M^aves  are  electromagnetic  waves  pro- 
duced by  radio-frequency  currents  flowing  in  an 
antenna. 

Vacuum  tubes  are  used  to  generate  and  am- 
plify radio-frequency  currents. 

In  ainplitude  modulation  the  radio  waves  are 


1.  Who  first  generated  and  detected  radio 
waves? 

2.  How  were  radio  waves  first  generated? 

3.  How  are  radio  waves  generated  in  modern 
transmitters? 

4.  What  is  the  purpose  of  radio  transmitting 
antennas? 

5.  What  are  the  four  essential  parts  of  a radio 
receiver? 

6.  What  is  the  reason  for  using  amplifiers  in 
a radio  receiver? 

7.  What  purpose  is  served  by  the  antenna  of  a 
receiver? 

8.  How  are  radio  waves  able  to  travel  around 
the  curved  surface  of  the  earth? 

PRO  J 

1.  To  Build  a Crystal  Radio  Receiver.  Obtain 
from  a radio-service  shop  a coil,  variable  con- 
denser, .01  microfarad  fixed  condenser,  a 
1N21  or  similar  crystal,  and  a pair  of  head- 
phones. The  coil  and  variable  condenser 
from  a worn-out  radio  will  serv^e  the  purpose. 
Connect  the  apparatus  as  shown  in  the  Fig. 
47-1 3.  The  antenna  should  be  as  long  as  pos- 
sible and  can  be  made  of  any  kind  of  wire, 
insulated  or  uninsulated.  Since  most  variable 
condensers  used  in  radios  today  are  made  of 


the  Atlantic,  and  landed  safely  in  England 
without  the  pilot  or  anyone  on  the  plane 
touching  a single  control  except  a switch  to 
start  the  flight. 


REMEMBER  

varied  in  intensity  according  to  the  sound  varia- 
tion to  be  broadcast. 

In  frequency  modulation  the  frequency  of  the 
radio  waves  is  varied  according  to  the  sound  va- 
riation to  be  broadcast. 

Modern  radio  receivers  include  an  antenna, 
a tuned  circuit,  a detector,  amplifiers,  and  a re- 
producer. 

Radio  waves  can  travel  long  distances  when 
they  are  reflected  around  the  curve  of  the  earth 
by  the  ionosphere. 

noNS 

9.  Why  are  FM  transmitting  antennas  often 
built  on  the  tops  of  mountains? 

B 

10.  How  is  amplitude  modulation  accom- 

plished? 

1 1 . How  is  frequency  modulation  accom- 

plished? 

12.  Draw  a diagram  of:  (a)  an  amplitude-mod- 
ulated wave;  {b)  a frequency-modulated 
wave. 

13.  What  is  the  difference  between  an  audio 
amplifier  and  radio-frequency  amplifier? 

14.  Draw  a block  diagram  of  an  amplitude- 
modulated  transmitter. 

15.  Why  are  stations  from  all  over  the  world 
heard  by  a short-wave  receiver  but  not  by 
an  FM  receiver? 

ECTS 

two  or  three  separate  condensers  constructed 
as  a single  unit,  be  sure  to  use  only  one  sec- 
tion of  the  condenser.  The  service  man  in 
the  radio-service  shop  will  probably  give  you 
advice  and  answer  your  questions  about  con- 
necting the  apparatus.  This  set  will  be  sensi- 
tive enough  to  pick  up  powerful  local  stations. 

If  you  are  interested  in  building  an  ampli- 
fier for  your  set  or  in  making  a better  detec- 
tor, write  to  the  American  Radio  Relay 
League,  West  Hartford,  Connecticut,  for  in- 
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formation  or  consult  some  of  the  books  listed 
in  the  bibliography  at  the  end  of  this  unit. 

2.  Visiting  a Radio  Station.  Try  to  organize  a 
group  to  visit  a local  radio  station.  Arrange- 
ments for  the  trip  can  be  made  by  telephone 
with  the  engineer  in  charge  of  the  station. 
You  will  probably  be  provided  with  a guide. 
Look  for  the  following  things,  preferably  in 
the  order  mentioned: 

(a)  studio  and  microphone 

(b)  control  desk 

(c)  radio  transmitter 

(d)  transmission  line  for  carrying  radio- 
frequency currents  to  the  antenna 

(e)  the  antenna 


Fig.  47—13.  A simple  crystal  receiver  circuit. 


REVIEW  QUESTIONS  ON  UNIT  9 


A 

1 . Draw  a diagram  of  a diode  tube. 

2.  Draw  a diagram  of  a triode. 

3.  What  is  necessary  to  generate  a sound  and 
conduct  it  to  the  ear? 

4.  Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

{a)  Transatlantic  telephone  service  is  ac- 
complished entirely  by  the  use  of 
underwater  cables. 

(b)  Telephone  repeaters  are  used  to  record 
telephone  messages  in  offices. 

(c)  A radio  antenna  is  used  to  radiate  and 
intercept  electromagnetic  waves. 

(d)  The  telephone  was  invented  by  Samuel 
F.  B.  Morse. 

(e)  The  telegraph  was  invented  by  an  Ital- 
ian named  Marconi. 

(/)  The  ionosphere  reflects  radio  waves. 

5.  Complete  each  of  the  following  statements 
by  supplying  the  correct  word  or  phrase. 
{a)  Sound  waves  travel  at  a speed  of — ? — . 

(b)  The  differenee  between  the  tone  of  a 
clarinet  and  that  of  a trumpet  is  due  to 
their  different  — ? — . 

(c)  Every  radio  transmitter  has  a — ? — to 
generate  — ? — currents. 

(d)  A radio-frequeney  amplifier  amplifies 
— ? — currents. 

(e)  Sound  waves  cannot  travel  through 

6.  Explain  why  radio  signals  can  be  trans- 
mitted around  the  curved  surfaee  of  the 
earth  to  any  part  of  the  world. 


7.  What  is  contained  in  the  spiral  canal  of  the 
ear  that  aids  the  process  of  hearing? 

8.  What  are  radio  waves,  and  how  ean  they  be 
generated? 

9.  What  is  a resonant  column? 

10.  How  does  an  organ  pipe  generate  sound, 
and  what  determines  the  frequency  of  the 
sound  generated? 

11.  A violin  string  vibrates  at  a frequency  of 
2,200  vibrations  per  seeond.  What  is  the 
wave  length  of  the  sound  it  generates? 

B 

12.  Deseribe  the  early  experiments  in  whieh 
Hertz  first  produeed  and  deteeted  radio 
waves. 

13.  Draw  a bloek  diagram  of  a simple  radio  re- 
eeiver  and  explain  how  it  pieks  up  radio 
waves  and  eon  verts  them  into  sound. 

1 4.  Distinguish  between  amplitude  modulation 
and  frequeney  modulation. 

15.  Determine  whieh  of  the  following  state- 
ments are  true  and  whieh  are  false.  Then 
correctly  reword  the  false  ones. 

(a)  Frequeney-modulation  broadeast  sta- 
tions operate  on  very  high  frequencies. 

(b)  Sound  waves  are  carried  over  wires  in 
a telephone  cireuit. 

(c)  The  common  telephone  microphone 
eontains  an  electromagnet. 

(d)  A telegraph  sounder  contains  an  elec- 
tromagnet. 

(e)  Diodes  are  used  as  amplifiers. 

(/)  A modulator  is  used  to  generate  radio- 
frequeney  eurrents. 
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16.  Draw  a labeled  bloek  diagram  of  an  ampli- 
tude-modulated broadcast  transmitter. 

17.  (d)  A resonant  closed  tube  reinforces  a 

sound  whose  frequency  is  1,000  cycles 
per  second.  What  is  the  length  of  the 
tube? 

(b)  ^Vhat  would  be  the  length  of  an  open 
tube? 
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18.  Draw  the  circuit  of  a simple  two-way  tele- 
graph circuit. 

19.  What  is  the  range  of  audible  frequencies? 

20.  What  is  meant  by  the  amplitude  of  a 
sound? 

21.  Can  two  sounds  have  the  same  frequency 
and  different  amplitudes?  Explain  and  give 
examples  to  support  your  answer. 
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chapter  48 

IRON,  AN  IMPORTANT  METAL 


In  earlier  chapters  we  discussed  machines, 
such  as  locomotives,  ships,  airplanes,  and  gen- 
erators, which  are  essential  to  our  modern 
world.  We  shall  now  consider  the  materials 
used  in  the  construction  of  these  machines, 
and  give  some  thought  to  the  important  ques- 
tion: Are  there  ample  supplies  of  these  raw 
materials  to  meet  our  future  needs? 

Machines,  for  the  most  part,  are  made  of 
metals.  Locomotives,  for  example,  are  made 
of  steel  and  airplanes  of  magnesium  and  alu- 
minum. Metals  do  not  occur  free  in  nature. 
They  are  usually  present  in  the  minerals  and 
rocks  of  the  earth  as  oxides,  sulfides  or  car- 
bonates. 

A mineral  that  is  rich  in  metal  is  called  an 
ore.  Before  the  metal  can  be  used,  it  must 
be  released  from  the  mineral.  This  is  done 
usually  by  chemical  processes  at  very  high 
temperatures.  If  the  ore  contains  only  a small 
amount  of  metal,  a great  deal  of  rock  material 
must  be  discarded  without  loss  of  the  valuable 
metal.  Copper  ore,  for  example,  usually  con- 
tains only  4 or  5 percent  copper,  and  therefore 
the  extraction  of  copper  is  a difficult  operation. 
Whether  or  not  it  is  profitable  to  mine  a par- 
ticular ore  depends  on  the  value  of  the  metal 
obtained.  For  example,  if  the  iron-bearing 
mineral  hematite  yields  50  percent  iron,  it  is 
profitable  to  mine  it.  On  the  other  hand,  if 
a mineral  yielded  as  little  as  0.001  percent 
gold,  it,  too,  would  be  worth  mining  because 
of  the  high  value  of  gold. 


Formation  of  Ore  Deposits.  Most  rocks  con- 
tain metals  in  the  form  of  compounds.  Usu- 
ally, however,  the  amounts  of  metal  are  so 
small  that  it  would  be  too  expensive  to  ex- 
tract them.  Fortunately,  in  nature  there  is 
considerable  concentration  of  metals.  The 
geologist  explores  regions  where  such  natural 
concentrations  exist,  and  the  chemist  finds 
methods  of  refining  the  ores  further. 

How  did  these  minerals  become  concen- 
trated into  rich  ore  deposits?  Originally  min- 
erals were  in  hot,  molten  igneous  rock.  Some 
of  them  dissolved  in  the  superheated  steam 
and  were  carried  away  as  the  steam  escaped 
through  the  cracks  in  the  rocks  above.  When 
the  steam  reached  cooler  regions,  it  condensed 
and  the  minerals  were  deposited  in  the  cracks. 
It  is  believed  that  many  ore  deposits  were 
formed  in  this  way. 

How  were  iron-ore  deposits  formed?  Geol- 
ogists believe  that  over  long  periods  of  time 
several  different  processes  had  a part  in  pro- 
ducing high-grade  ore.  The  ore  probably  es- 
caped from  the  molten  rock  either  as  a gas 
or  in  solution  by  the  process  described  above. 
As  the  gas  cooled,  the  ore  was  deposited 
within  the  earth  as  a sediment.  Such  a de- 
posit of  iron-bearing  strata  would  form  a 
low-grade  ore,  that  is,  an  ore  containing  only 
about  25  percent  iron.  After  the  strata  have 
been  exposed  to  weathering  and  erosion,  the 
more  soluble  rock  particles  are  dissolved  and 
carried  away,  leaving  behind  the  less  soluble 
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Courtesy  United  States  Steel  Corp. 

Fig.  48—1.  The  Hull-Rust  iron-ore  mine  located  at  Hibbing,  Minnesota.  This  open-pit  covers 
1,300  acres  and  contains  55  miles  of  railroad  tracks. 


Courtesy  United  States  Steel  Corp, 

Fig.  48-2.  An  ore  carrier  being  unloaded  at  the  docks, 
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iron  minerals.  Thus  the  proportion  of  iron 
is  increased  to  form  a high-grade  ore  contain- 
ing from  50  to  60  perrent  iron. 

Iron-Ore  Deposits  in  Canada.  Canada  is  the 
eighth  iron-ore  producing  country  in  the  world. 
At  present  65  percent  of  our  production  comes 
from  the  Steep  Rock  and  Michipicoten  dis- 
tricts on  Lake  Superior,  and  the  balance  from 
the  W^abana  mines  in  Newfoundland.  Iron-ore 
deposits  are  also  found  in  British  Columbia, 
Alberta,  New  Brunswick,  Nova  Scotia  and  the 
Yukon  Territories,  but  these  are  overshadowed 
by  the  discovery  of  very  large  deposits  in  the 
Labrador-Ouebec  district. 

The  known  ore  reser\’es  in  this  area  are  now 
417  million  tons,  and  further  exploration  will 
undoubtedly  raise  this  estimate.  Production  is 
planned  at  ten  million  tons  a year  which  will 
gi\’e  the  field  a minimum  life  of  forty  years. 
The  importance  of  these  deposits  is  empha- 
sized by  the  fact  that  the  supply  of  high-grade 
ore  in  the  United  States  will  be  exhausted 
in  little  more  than  twenty  years. 

Mining  of  Iron-Ore.  When  ore  deposits  occur 
close  to  the  surface  of  the  earth  open-pit  min- 
ing is  possible,  and  ore  is  extracted  more 
cheaply  than  in  underground  mining.  The 
open  pits  are  worked  in  terraces,  because  ex- 
cavation and  transportation  are  more  efficient 
when  these  operations  are  performed  on  a num- 
ber of  levels.  The  brownish-red  ore  is  scooped 
, up  with  giant  shovels  and  loaded  on  railroad 
cars,  as  shown  in  Fig.  48-1.  The  mines  in 
! Ontario  and  the  new  Labrador-Ouebec  mines 
I are  open-pit,  but  the  Wabana  mines  are  under- 
ground, actually  extending  under  the  sea. 

Ore  from  the  mines  is  broken  up  and  carried 
by  rail  to  loading  docks.  Newfoundland  ore 
is  brought  by  freighter  to  the  blast  furnaces  at 
i Sydney,  Nova  Scotia.  The  Ontario  mines  sup- 
. ply  Sault  Ste.  Marie,  Hamilton,  and  Montreal 
I as  well  as  sending  ore  to  the  American  steel 
i centers  at  Cleveland,  Detroit,  Buffalo,  and 
j Pittsburgh.  Ore  from  the  Labrador-Quebec 


mines  will  be  brought  300  miles  by  rail  to  huge 
loading  docks  at  the  Town  of  Seven  Islands 
on  the  St.  Lawrence.  Freighters  will  then  carry 
it  up  the  river  to  the  cities  mentioned  above. 

Iron  in  Earlier  Times.  The  extraction  of  iron 
from  ore  was  known  to  the  Egyptians  and  Syr- 
ians as  early  as  1 500  b.c.  These  peoples  heated 
a mixture  of  iron  ore  and  charcoal,  but  because 
they  were  unable  to  produce  temperatures 
high  enough  to  melt  the  iron,  they  obtained 
iron  as  a spongy,  pasty  mass.  This  iron  con- 
tained a great  deal  of  slag  (impurities ) that  had 
to  be  beaten  out  of  the  hot  iron  by  hammer- 
ing. The  purer  iron  was  used  for  swords, 
knives,  armor,  and  chariots;  the  inferior  grades 
for  axes  and  plowshares. 

Many  iron  tools,  such  as  axes,  saws,  and 
nails  are  mentioned  in  the  Old  Testament. 
One  interesting  reference  (1  Chron.  22:3) 
describes  David’s  plans  for  building  a temple 
about  1000  B.C.:  ‘‘And  David  prepared  iron  in 
abundance  for  the  nails  for  the  doors  of  the 
gates,  and  for  the  joinings.” 

In  England  the  iron  industry  grew  rapidly 
during  the  15th  and  16th  centuries,  and  many 
forges  and  furnaces  were  built.  The  charcoal 
used  to  extract  iron  from  its  ore  came  from 
timber.  So  much  wood  was  used  for  this  pur- 
pose that  there  was  a shortage  of  timber  for 
shipbuilding.  As  a result  a law  was  passed 
during  Queen  Elizabeth’s  reign  making  it  il- 
legal to  cut  trees  for  making  iron  except  in 
certain  areas.  In  the  17th  century  coal  was 
substituted  for  charcoal.  But  coal  gave  off 
heavy  smoke  and  oil  vapors.  In  the  18th  cen- 
tury, to  avoid  this  disadvantage,  coke  was 
substituted  for  coal.  This  step  marked  the 
beginning  of  the  modern  method  of  manu- 
facturing iron. 

The  first  ironworks  in  the  United  States 
were  built  in  Virginia  about  1620.  Thirty  or 
forty  years  later  the  colonists  began  to  make 
iron  on  a large  scale.  They  poured  the  molten 
iron  into  molds  to  make  such  household  uten- 
sils as  pots  and  pans.  By  the  middle  of  the 
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18th  century  there  were  numerous  iron  fur- 
naces and  forges,  particularly  in  Pennsylvania. 
During  the  Revolutionary  War  many  of  the 
forges  made  cannons  and  cannon  balls  for  the 
Revolutionary  forces.  The  British  therefore 
destroyed  many  forges,  such  as  Valley  Forge, 
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tower,  about  100  feet  high  and  20  feet  wide, 
lined  with  firebrick,  a material  that  can  with- 
stand the  great  heat  of  the  furnace.  Near  the 
bottom  of  the  furnace  are  openings  to  admit 
hot  compressed  air,  and  near  the  top  is  a pipe 
to  carry  away  the  exhaust  gases.  Iron  ore. 


TOP 

HOPPgR 


INCUNS 


«gAT 
[ 20Ng. 


HOT 

81AST 


COK6 

mm 


'TUYgfte 


MOirSN  $tAO' 


MOrmON  CAR 


Courtesy  of  Bethlehem  Steel  Co. 


Fig.  48—3,  A section  of  a blast  furnace. 


for  example.  Did  you  know  that  George 
Washington’s  father  was  at  one  time  an  iron- 
master? 

The  Blast  Furnace.  Blast  furnaces  are  used 
to  make  iron— the  first  step  in  the  manufac- 
ture of  steel.  The  blast  furnace  is  a huge  steel 


coke,  and  limestone  are  poured  continuously 
into  the  top  of  the  furnace,  and  the  molten 
iron  and  slag  collect  at  the  bottom.  The  slag 
floats  on  the  iron  but  does  not  mix  with  it. 
The  molten  slag  is  drawn  off  from  time  to 
time  and  hauled  away.  Rock  wool,  an  in- 
sulating material,  is  made  by  blowing  high- 
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pressure  steam  through  the  molten  slag.  Slag 
is  also  used  in  making  concrete. 

Cast-  Iron  or  Pig  Iron.  The  iron  obtained 
from  a blast  furnace  contains  about  4 percent 
carbon  and  smaller  amounts  of  other  impuri- 


wheels,  and  water-pump  cases.  Most  of  it, 
however,  is  used  in  the  manufacture  of  steel. 

Cast  iron  is  sometimes  called  pig  iron.  The 
origin  of  the  term  is  interesting.  In  the  old 
days  the  molten  iron  was  cast  into  a main 
trough  from  which  smaller  troughs  led  off  at 


Courtesy  American  Steel  and  Wire  Co. 


Fig.  48—4.  There  are  usually  four  stoves,  filled  with  firebrick,  to  each  furnace.  Blast  furnace 
gas  is  burned  in  three  of  the  stoves,  while  cold  air  is  forced  through  the  fourth  stove.  Every 
two  or  three  hours  the  stoves  are  "changed";  that  is,  the  cold  air  is  switched  to  a hot  stove 
and  the  cooled  stove  is  heated  up.  In  this  way  hot  fresh  air  is  supplied  continuously  to  the 

furnace. 


ties,  such  as  sulfur,  phosphorus,  and  manga- 
nese. This  high  pereentage  of  earbon  makes 
the  iron  too  brittle  for  struetural  work  where 
I great  strength  is  required.  The  molten  metal 
I ean  be  poured  or  east  in  molds.  It  is  then 
ealled  cast  iron.  Some  cast  iron  is  used  in 
automobile  parts,  such  as  cylinder  blocks,  fly- 


right  angles.  Here  the  iron  solidified  into  bars 
that  were  sold  to  manufacturers.  Some  imagi- 
native person  thought  that  the  troughs  re- 
sembled a sow  and  her  suckling  pigs.  For  this 
reason  the  eastings  were  called  pigs  and  the 
iron  was  called  pig  iron,  and  this  name  is  still 
used. 
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Courtesy  United  States  Steel  Corp. 


Fig.  48—5.  This  picture  shows  two  blast  furnaces 
and  eight  stoves.  The  furnace  at  the  right  is  running 
off  molten  slag  into  ladles  at  the  lower  right. 
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Fig.  48—6.  This  picture  shows  the  release  of  molten 
iron  and  slag.  Slag  is  released  from  the  upper  tap- 
ping hole  on  the  left  and  flows  into  the  ladle.  Molten 
iron  is  released  through  the  lower  tapping  hole  on 
the  right  and  is  guided  through  a runner  to  the  ladle 
on  the  lower  left. 


THINGS  TO  REMEMBER 


An  ore  is  a metallic  mineral  that  is  rich 
enough  in  metal  to  make  its  mining  profitable. 

A low-grade  iron  ore  contains  about  25  per- 
cent iron;  a high-grade  iron  ore  contains  about 
50  percent  iron. 


Ontario  mines  produce  about  65  percent  of 
Canada's  iron  ore. 

Iron  ore  is  converted  into  pig  iron  or  cast  iron 
in  the  blast  furnace. 

Pig  iron  is  used  chiefly  in  the  manufacture  of 
steel. 


QU  ESTIONS 


A 

1.  What  is:  {a)  an  ore;  (b)  hematite;  (c) 
slag? 

2.  Write  briefly  on:  (a)  the  Labrador-Quebec 
deposits;  (b)  iron  ore  deposits  in  Canada; 
(c)  the  transportation  of  ore. 

3.  State  the  difference  between  a low-grade 
and  a high-grade  iron  ore. 

4.  Explain  briefly  how  the  early  Egyptians 
made  iron. 


5.  How  is  rock  wool  made  and  what  is  it  used 
for? 

6.  {a)  What  is  pig  iron? 

{b)  What  are  some  of  its  uses? 


B 

7.  Explain  how  high-grade  iron  ore  is  formed. 

8.  Describe  a blast  furnace  and  explain  how  it 
operates. 
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PRO 

Reporting  on  the  Labrador-Ouebec  Iron  Ore 
Deposits.  Prepare  a report  on  the  diseo\ery,  pres- 
ent development,  and  future  potentialities  of  the 
iron  ore  deposits  in  the  Labrador-Ouebee  region 
north  of  Se\en  Islands.  Inelude  a diseussion  of 
the  reasons  for  the  iinportanee  of  this  diseovery 
and  the  diffieulties  that  must  be  faeed  in  getting 
the  mines  into  produetion.  Draw  a map  indieat- 
ing the  prineipal  eonsuming  eenters  for  the  ore 
\\iien  it  is  a^■ailable  and  the  possible  routes  that 
may  be  used  to  transport  the  ore  to  them.  Ex- 
plain how  the  proposed  St.  Lawrenee  Seaway, 
■vhen  it  is  built,  will  faeilitate  the  mo^'ement  of 


i 
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the  ore  to  the  blast  furnaees  and  list  some  of  the 
other  ad\antages  that  this  seaway  will  bring. 

For  aid  in  this  projeet,  you  ean  get  informa- 
tion and  literature  by  writing  to  the  Department 
of  Mines  and  Teehnical  Surveys  in  Ottawa,  the 
Iron  Ore  Company  of  Canada,  the  Labrador 
Mining  and  Exploration  Company,  Ltd.,  or  the 
Hollinger  North  Shore  Exploration  Company, 
Ltd.  There  have  also  been  several  artieles  in 
various  magazines,  such  as  the  Canadian  Geo- 
graphic Journal  and  the  C.I.L.  Oval  (published 
by  the  Public  Relations  Department,  Canadian 
Industries,  Ltd.,  Montreal). 


chapter  49 

STEEL,  A MATERIAL  FOR  CONSTRUCTION 


More  than  90  percent  of  the  metal  used  in 
the  world  is  steel.  Steel  is  used  in  shipbuild- 
ing; in  the  manufacture  of  automobiles,  loco- 
motives, derricks,  pipelines,  generators,  trans- 
mission-line towers,  and  railroad  tracks;  in 
making  cutlery,  tin  cans,  and  many  other  arti- 


any  other  industry.  The  average  American 
home  contains  hundreds  of  pounds  of  steel 
in  various  forms. 

The  United  States  produces  more  steel  than 
all  other  countries  combined.  About  100,000,- 
000  tons  of  steel  are  produced  annually,  and 
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Fig.  49-1.  Lions  Gate  Bridge — a steel  bridge,  1,500  feet  long,  connecting  the  City  of  Van- 
couver with  West  Vancouver. 


cles.  The  automobile  industry  in  the  United 
States  uses  more  than  20  per  cent  of  the  steel 
produced  each  year — more  than  that  used  by 


more  .than  400,000  men  are  employed  in  the 
steel  industry. 

Pittsburgh  produces  more  steel  than  any 
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other  city.  If  you  look  at  a map  of  the  United 
States,  you  will  see  that  Pittsburgh  is  more 
than  800  miles  from  the  Minnesota  iron  de- 
posits and  150  miles  from  Lake  Erie.  Why, 
then,  is  it  the  steel  capital?  Pittsburgh  is  near 
the  large  coal  sections  of  Pennsylvania  and 
West  Virginia.  In  the  early  days  of  the  steel 
industry’  it  was  cheaper  to  ship  iron  to  coal 
than  coal  to  iron.  At  Pittsburgh  the  Allegheny 
and  Monongahela  rivers  flow  together  and 
form  the  Ohio  River,  making  Pittsburgh  one 
of  the  largest  river  ports  in  the  world. 

Composition  of  Steel.  Steel,  one  of  the 

strongest  of  all  materials,  is  a product  con- 
sisting of  iron  and  a small  percentage  of  car- 
bon and  some  other  metals;  that  is,  it  is  an 
alloy  of  iron.  There  are  many  different  kinds 
of  steel.  They  differ  from  one  another  in  the 
percentage  of  carbon  and  other  ingredients 
present  and  also  in  the  ways  in  which  they 
are  cooled,  or  tempered.  Usually,  the  greater 
the  amount  of  carbon,  the  harder  is  the  steel. 
Hardness  is  not  always  desired;  sometimes  a 
softer  steel  is  needed  so  that  it  can  be  welded 
or  bent. 

About  a hundred  years  ago  Henry  Bessemer, 
an  Englishman,  discovered  a new  method  of 
manufacturing  steel.  Before  Bessemer’s  time 
guns  were  made  from  brittle  cast  iron  and 
were  therefore  easily  broken.  Bessemer  be- 
lieved that  stronger  guns  could  be  made  if 
j some  of  the  carbon  were  removed.  He  melted 
pig  iron  in  a crucible  and  blew  air  through 
I the  molten  metal.  The  oxygen  in  the  air 
; burned  out  most  of  the  carbon,  leaving  a steel 
That  was  much  stronger  than  the  pig  iron. 
jThis  simple  experiment  became  the  basis  of 
ithe  first  method  of  large-scale  steel  manu- 
facture. A great  deal  of  steel  is  still  made 
by  the  Bessemer  process. 

The  Bessemer  Process.  The  Bessemer  con- 
verter is  a pear-shaped  steel  vessel  about  10 
feet  high.  It  is  mounted  so  that  it  can  be 
tilted  first  to  receive  molten  pig  iron  and  later 
|to  pour  off  the  molten  steel.  It  is  lined  with 


material  such  as  limestone  that  does  not  melt 
at  the  high  temperatures  reached  in  the  opera- 
tion. 

From  15  to  25  tons  of  molten  pig  iron  are 
poured  into  the  converter.  A strong  blast  of 
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Fig.  49—2.  A Bessemer  converter  in  action. 

air  is  sent  through  small  holes  at  the  bottom 
of  the  converter.  The  oxygen  in  the  air  burns 
out  the  impurities.  The  burning  causes  bril- 
liant flames  to  shoot  from  the  mouth  of  the 
furnace,  which  at  night  can  be  seen  for  miles. 
When  the  slag  is  removed,  an  almost  pure  iron 
is  left  in  the  converter.  The  correct  amounts 
of  carbon,  manganese,  and  other  ingredients 
are  then  added  to  make  the  desired  kind  of 
steel. 

The  Bessemer  process  is  rapid,  but  the  exact 
composition  of  the  steel  made  by  it  cannot 
be  controlled.  In  the  open-hearth  process, 
which  we  shall  now  discuss,  the  composition 
of  the  steel  can  be  controlled  during  the  opera- 
tion. 

The  Open-Hearth  Process.  About  90  percent 
of  the  steel  made  in  the  United  States  is 
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produced  by  the  open-hearth  process.  This 
method  is  less  expensive  than  the  Bessemer 
process  because  scrap  steel  as  well  as  pig  iron 
can  be  used.  In  fact,  about  one-half  of  the 
charge  is  scrap,  such  as  waste  pieces  from  steel 
mills,  worn-out  machinery,  old  boilers,  bridges, 
ships,  and  other  structures. 


STRUCTURAL  MATERIALS 

High  temperature  keeps  the  metal  molten. 
Samples  of  molten  steel  can  then  be  taken  out 
and  analyzed.  Various  ingredients,  such  as 
manganese  and  nickel,  are  added  until  the 
steel  has  the  desired  composition. 

Rolling  Steel.  Molten  steel  is  poured  into 
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Fig.  49—3.  Open-hearth  process.  Molten  steel,  about  24  inches  deep,  is  heated  by  the  flames 
from  hot  air  and  gas.  The  hot  exhaust  gases  pass  out  through  the  checkers  at  the  left  and 
thence  to  the  chimney.  The  damper  at  the  bottom  is  then  turned  over  to  the  left,  thereby 
reversing  the  current  and  heating  the  checkers  on  the  right. 


The  furnace  is  a bowl-shaped  steel  container 
with  a roof  that  reflects  the  flames  back  on 
the  charge.  The  charge  consists  of  molten 
iron  from  the  blast  furnace,  scrap  steel,  and 
iron  ore.  The  iron  ore  in  the  charge  supplies 
oxygen  to  oxidize  the  impurities  and  burn 
out  the  carbon.  Heat  for  the  process  may  be 
obtained  by  burning  fuel  gas.  The  shallow 
hearth  holds  a pool  of  liquid  metal  about 
three  feet  deep  and  weighing  from  100  to  150 
tons. 


hollow  molds  to  form  ingots,  or  large  oblong 
blocks.  These  hot  ingots  are  run  between  two 
rollers  to  stretch  the  steel.  The  steel  is  then 
run  through  other  rollers  which  shape  it  for 
industrial  uses.  Forms  as  different  as  railroad 
rails  and  thin  plates  for  use  in  the  construc- 
tion of  automobile  bodies  are  made  by  rollers. 

Tempering  Steel.  Steelmaking  is  one  of  the 
oldest  trades.  The  strong  and  flexible  Da- 
mascus swords  were  made  by  the  Syrians  more 
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than  two  thousand  years  ago.  The  steel  in 
these  swords  eontained  a good  deal  of  earbon, 
whieh  usually  makes  steel  hard  and  brittle. 
But  these  aneient  sword-makers  diseovered 
that  steel  could  be  made  flexible  by  heating 
and  hammering  it.  A flexible  steel  is  one  that 
gives  slightly  but  recovers  its  shape  when  the 
stress  is  removed.  The  early  Romans  defeated 
the  Celts  mainly  because  of  their  superior 


affects  the  crystalline  structure  of  the  steel, 
and  this  determines  its  hardness,  strength, 
and  flexibility.  A manufacturer  therefore  can 
decide  what  kind  of  steel  he  wants  and  then 
temper  it  in  the  way  that  will  give  the  desired 
properties. 

ALLOY  STEELS 

Manganese,  tungsten,  molybdenum,  vana- 
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Fig.  49—4.  Rolling  ship  plates.  This  white-hot  slab  is  being  reduced  to  a plate  about  an  inch 

thick. 


I swords  and  other  steel  weapons.  The  Celts 
j did  not  know  how  to  make  steel  flexible  and 
^ strong;  their  swords  were  so  soft  that  they  had 
to  be  straightened  after  every  blow. 

' The  process  of  heating  and  then  cooling  a 
metal  is  known  as  tempering.  In  the  temper- 
ing of  steel,  the  rate  of  cooling  is  the  main 
factor.  Hot  steel  is  cooled  quickly  when 
I placed  in  water  or  more  slowly  when  immersed 
j in  oil  or  compressed  air.  The  rate  of  cooling 


dium,  chromium,  nickel,  and  other  metals  are 
often  added  to  steel  to  increase  its  strength  or 
to  give  it  other  desirable  qualities.  If  you 
look  at  thin  slices  of  an  alloy  under  a micro- 
scope, you  will  see  the  tiny  crystals  of  these 
metals  scattered  in  the  steel. 

Manganese  Steel.  Manganese  is  added  to 
most  steels  to  harden  them.  Steel  that  con- 
tains about  10  percent  manganese  is  so  hard 
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that  it  cannot  be  cut  or  drilled.  Manganese 
steel  is  manufactured  into  such  articles  as 
steam-shovel  buckets,  burglarproof  safes,  and 
machinery  used  for  crushing.  The  best  manga- 
nese ore  in  the  United  States  is  found  in 
Montana,  but  it  is  not  a high-grade  ore. 

Tungsten  Steel.  Tungsten  is  a hard,  strong 
metal  which,  when  added  in  the  right  amount, 
gives  special  properties  to  steel.  Because 
tungsten  steel  keeps  its  strength  and  hardness 
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Fig.  49—5.  Rockefeller  Center  in  New  York  consists 
of  fifteen  buildings.  In  its  construction  about  130,- 
000  tons  of  steel  were  used. 

even  when  very  hot,  it  is  used  in  making  ma- 
chine tools.  Although  these  tools  cut  metals 
so  fast  that  their  edges  become  red-hot,  they 
remain  sharp  and  are  able  to  keep  on  cutting. 
If  machine  tools  were  made  of  ordinary  steel, 
they  would  lose  their  edge  when  hot  and 
would  have  to  be  cooled  frequently.  Without 
these  high-speed  steels  the  mass  production  of 
automobiles  would  not  be  possible.  There  is 
not  enough  tungsten  in  the  United  States  to 
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meet  our  needs.  We  therefore  import  some 
from  Bolivia,  Peru,  and  China. 

Molybdenum  Steel.  Molybdenum  is  a hard, 
silvery  white  metal  that  makes  steel  tough, 
and  it  can  be  used  in  place  of  tungsten  in 
making  high-speed  steel.  Fortunately  for  the 
United  States,  about  90  percent  of  the  world’s 
molybdenum  is  in  Colorado. 

Vanadium  Steel.  Vanadium  is  the  hardest  of 
the  metals;  it  adds  strength  and  toughness  to 
steel.  Vanadium  steel  is  used  in  making  auto- 
mobile axles,  gears,  crankshafts,  and  locomo- 
tive piston  rods.  There  is  plenty  of  vanadium 
ore  in  the  United  States,  but  some  vanadium 
is  imported  from  Peru. 

Chrome  Steels.  If  steel  is  12  percent  chro- 
mium, it  will  not  rust  or  corrode.  It  is  there- 
fore called  stainless  steel.  Stainless  steels  also 
contain  manganese,  silicon,  and  usually  nickel. 
They  are  used  for  high-grade  cutlery.  Because 
they  are  not  affected  by  acids  or  intense  heat, 
they  are  suitable  materials  for  furnaces,  oil 
refineries,  and  chemical  plants. 

If  chrome  steel  is  percent  or  more  nickel, 
it  has  great  strength  and  toughness.  Chro- 
mium-nickel steels  are  made  into  armor  plate 
for  battleships  and  tanks. 

There  is  not  much  nickel  or  chromium  in 
the  United  States.  Nickel  is  imported  from 
Canada,  where  more  than  80  percent  of  the 
_ world’s  supply  is  found.  Chromium  ore,  called 
chromite,  is  imported  from  South  Africa,  New 
Caledonia,  Cuba,  and  Turkey. 

Tin  Cans.  Tin  cans  are  made  almost  entirely 
of  thin  sheet  steel— not  tin.  The  steel  is  merely 
coated  with  a thin  layer  of  tin  to  protect  it 
against  the  action  of  the  acids  in  fruits  or 
vegetables.  The  layer  is  usually  so  thin  that 
tin  constitutes  only  about  one  percent  of  the 
weight  of  the  can.  Tin  cans  were  invented  by 
an  Englishman  more  than  a hundred  years 
ago.  He  called  his  invention  a “tin  canister.” 
In  England  the  name  has  been  shortened  to 
“tin,”  in  America  to  “can.” 
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— THINGS  TO 

Steel  contains  much  less  carbon  than  pig  iron 
and  is  much  stronger  than  pig  iron. 

Tlie  Bessemer  process  is  the  rapid  method  of 
making  steel  from  pig  iron.  The  impurities  in 
the  iron  are  burned  out  by  a blast  of  air. 

The  open-hearth  process  of  making  steel  is  less 
expensive  than  the  Bessemer  process;  both  pig 
iron  and  scrap  steel  are  used  in  the  charge. 

Hot  steel  ingots  are  rolled  into  various  shapes 
by  passing  the  steel  repeatedly  between  rollers. 


1.  Write  briefly  on  (a)  Henry  Bessemer;  [b] 
Damascus  swords. 

2.  Why  did  Pittsburgh  become  an  important 
steel  center? 

3.  {a)  What  is  an  alloy  steel?  (b)  Name  four 
alloy  steels. 

4.  State  the  countries  where  ores  of  the  follow- 
ing metals  are  found:  (a)  tungsten;  [b) 
niekel. 


PROJ 

1.  Reporting  on  the  Uses  of  Steel.  Make  as  com- 
plete a list  as  you  can  of  the  uses  of  steel  in 
your  home,  your  school,  and  your  town. 

2.  Making  an  Ore  Collection.  There  are  many 


REMEMBER  

Tempering  determines  the  hardness,  strength, 
and  flexibility  of  steel.  It  is  caused  by  the  rate 
of  cooling  of  hot  steel. 

Small  quantities  of  certain  metals  are  used  for 
manufacturing  steel  alloys  that  have  special  prop- 
erties. Manganese  steel  is  hard  and  tough.  Va- 
nadium steel  is  very  strong.  Tungsten  steel  and 
molybdenum  steel  are  used  for  high-speed  tools. 
Stainless  steel  is  chrome-nickel  steel;  it  is  tough, 
acid-resistant,  and  stainless. 

IONS 

B 

5.  Briefly  describe  the  Bessemer  proeess  for 
making  steel. 

6.  What  are  the  advantages  and  the  disadvan- 
tages of  the  open-hearth  proeess  as  compared 
with  the  Bessemer  process? 

7.  Describe  the  properties  and  uses  of:  {a) 
tungsten  steel;  (b)  molybdenum  steel. 

8.  (a)  What  is  meant  by  tempering  steel?  (£>) 
Why  is  steel  tempered? 

9.  (a)  What  are  chrome  steels?  (b)  What  is 
their  composition?  (c)  For  what  are  they 
used? 

CTS 

kinds  of  ores  in  the  United  States;  ores  of 
iron,  copper,  lead,  zinc,  and  silver  are  not 
hard  to  find.  An  ore  collection  can  fill  out 
your  rock  collection  if  you  have  started  one. 
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COPPER  AND  ZINC 


Copper  and  zinc  are  metals  that  do  not  rust. 
They  are  frequently  found  in  the  same  region, 
as  in  the  Butte  district  in  Montana.  This  area 
of  about  five  square  miles  is  an  igneous  dome- 
like mound  from  which  vast  quantities  of 
copper,  lead,  zinc,  manganese,  silver,  and  gold 
have  been  obtained.  It  is  called  “the  richest 
hill  on  earth,  a mile  high  and  a mile  deep.” 


COPPER 

There  are  rich  copper  deposits  in  Canada. 
It  is  found  in  six  provinces,  but  Ontario  is  the 
principal  producer,  accounting  for  44  percent 
of  total  Canadian  production.  Copper  ores 
have  different  colors;  malachite  is  green,  cu- 
prite is  red,  and  chalcocite  and  copper  pyrite 
are  multicolored. 


Courtesy  Anaconda  Copper  Mining  Co. 

Fig,  50-1.  An  open-pit  copper  mine  in  Chile.  The  mine  is  worked  on  terraces.  The  picture  shows  rail- 
road cars  for  loading  the  ore  on  at  least  three  of  the  terraces, 

446 


447 


COPPER  AND  ZINC 

Sonic  of  the  deepest  (Jaiiadiaii  copper  iniiics 
extend  more  than  a mile  below  the  surface  of 
the  earth.  \^ertical  shafts  arc  sunk,  and  from 
the  shafts  cuts  are  made  at  different  levels  to 
the  ore  veins.  The  shafts  are  used  for  hoisting 
the  ore,  men,  and  equipment,  as  in  coal 
mining. 

The  Extraction  of  Copper  from  its  Ore.  Me- 
tallic copper  is  obtained  from  the  ore  in  five 
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Fig.  50—2.  Drilling  holes  before  dynamiting  in  a 
copper  mine  in  the  Butte  district. 

operations— concentration  of  the  ore,  roasting, 
smelting,  oxidation,  and  refining.  Let  us  see 
why  the  extraction  of  copper  is  so  much  more 
' complicated  than  that  of  iron.  For  one  thing, 

; copper  ore  usually  contains  many  more  im- 
' purities  than  iron  ore,  and  it  is  nearly  always 
S a low-grade  ore,  containing  only  about  5 per- 
i cent  copper.  The  ore  must  therefore  first  be 
I concentrated. 

Concentration  of  the  Ore  by  Oil  Flotation. 

Copper  ore  contains  a great  deal  of  waste 


rock,  most  of  which  is  eliminated  by  an  oil- 
flotation  process.  The  ore  is  ground  to  a fine 
powder  and  then  mixed  with  water.  Small 
amounts  of  oil  and  certain  chemicals  are 
added,  and  the  mixture  is  agitated  by  com- 
pressed air.  The  chemicals  cling  to  the  cop- 
per ore,  and  the  oil  bubbles  formed  during 
the  agitation  carry  this  mixture  to  the  surface, 
where  it  is  skimmed  off.  The  rock  particles 
remain  below  the  surface  of  the  liquid  and 
are  later  removed  as  waste. 

In  this  way  the  copper,  originally  about  5 
percent  of  the  ore,  is  increased  to  25  or  30 
percent  of  the  concentrate,  but  the  chemical 
composition  of  the  ore  is  not  changed.  In  the 
next  process  the  ore  is  further  concentrated 
by  fire-refining  methods  in  which  chemical 
changes  take  place.  The  first  step  in  fire  re- 
fining is  roasting. 

Roasting.  The  most  common  ores  of  copper 
are  sulfide  ores.  They  contain,  in  addition  to 
copper,  such  substances  as  sulfur,  iron,  alu- 
mina (aluminum  oxide),  silica,  silver,  and 
gold,  all  of  which  must  be  removed.  The 
object  of  roasting  the  ore  is  to  remove  the 
excess  sulfur. 

The  concentrate  is  placed  on  the  hearth  of 
a furnace,  and  heated  and  scraped  to  expose 
all  the  ore  to  the  air.  Since  it  is  finely  ground, 
a reaction  readily  takes  place.  Only  the  iron 
sulfide  in  the  ore  reacts  with  the  oxygen 
of  the  air  to  form  iron  oxide  and  sulfur 
dioxide;  the  copper  sulfide  is  not  affected.  The 
formation  of  iron  oxide  prepares  the  ore  for 
smelting. 

Smelting.  The  purpose  of  smelting  is  to  re- 
move the  silica,  alumina,  and  some  of  the  iron. 
This  process  takes  place  in  a furnace  some- 
what like  the  open-hearth  furnace  used  in 
steel-making.  The  substances  from  the  roast- 
ing furnace  are  transferred  to  the  smelting 
furnace  and  are  melted  by  the  high  temper- 
ature. Some  of  the  iron  oxide  and  all  the 
alumina  combine  with  the  silica  and  form  the 
slag.  The  copper  and  remaining  iron,  still 
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as  sulfides,  form  the  matte.  The  slag,  being 
lighter,  floats  on  the  matte,  and  is  skimmed 
off  and  discarded.  In  this  process  the  copper 
is  further  concentrated  so  that  it  is  about  45 
percent  of  the  matte.  So  far  the  copper  is 
still  a part  of  the  compound  copper  sulfide. 
In  the  next  process,  oxidation,  copper  is  fi- 
nally freed  from  sulfur. 
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copper,  as  it  is  called,  is  still  impure.  It  con- 
tains some  gold  and  silver  and  small  quantities 
of  other  substances.  Nevertheless,  it  is  about 
99  percent  copper  and  is  ready  for  the  final 
refining  process. 

The  Refining  Process.  Some  of  the  impuri- 
ties in  blister  copper  would  reduce  its  effec- 
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Fig.  50—3.  Separation  of  mineral  from  worthless  rock  by  oil  flotation.  Notice  the  rotating  wheels 
(agitators)  and  the  large  bubbles  of  oil  which  bring  the  mineral  to  the  surface. 


Oxidation.  The  molten  matte  from  the 
smelting  furnace  is  now  poured  into  a pear- 
shaped  furnace  similar  to  the  one  used  in  the 
Bessemer  process.  Some  silica  is  added,  and 
compressed  air  is  forced  in  near  the  base. 
Copper  sulfide  reacts  with  oxygen  to  form 
copper  and  sulfur  dioxide  which  escapes  as 
a gas.  The  iron  forms  iron  silicate  which 
floats  to  the  surface  and  is  poured  off,  leaving 
metallic  copper  in  the  converter.  This  blister 


tiveness  as  a conductor  of  electricity.  More- 
over, the  gold  and  silver  are  worth  recovering. 
The  molten  blister  copper  is  cast  into  rectan- 
gular slabs  which  are  ready  for  the  refining 
process.  This  operation  is  explained  by  the 
following  demonstration. 

Demonstration  50-1.  Electrolytic  Deposition  of  Copper. 

Fill  a small  battery  jar  three-quarters  full  of 
copper  sulfate  solution.  Attach  a strong  piece  of 
copper  wire  to  a thin  copper  sheet  about  3 by 


COPPER  AND  ZINC 

4 inches.  Suspend  the  copper  sheet  in  the 
copper  sulfate  by  hooking  the  wire  on  the  rim  of 
the  jar.  In  the  same  manner  suspend  in  the  solu- 
tion an  article  to  be  plated;  a stick  of  carbon, 
such  as  the  positiN  e terminal  of  a dry  cell,  can 
be  used.  Arrange  fi\’e  dry  cells  in  series.  With 
the  switch  open,  connect  the  positive  terminal 
to  the  copper  sheet,  and  the  negative  terminal 
through  a switch  to  the  carbon  rod.  Close  the 
switch  and  allow  the  current  to  flow  for  two  or 
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enters  the  solution  is  called  the  anode;  the 
terminal  at  which  it  leaves  is  called  the  cath- 
ode. In  the  demonstration  the  copper  sheet 
is  the  anode  and  the  carbon  rod  is  the  cathode. 
Note  that  copper  is  deposited  on  the  cathode. 

Let  us  now  return  to  the  refining  process. 
A number  of  rectangular  slabs  of  blister  copper 
are  connected  in  parallel  and  placed  in  a lead- 


Courtesy  Anaconda  Copper  Mining  Co. 


Fig.  50—4.  Pouring  molten 

three  minutes.  Then  open  the  switch.  The  ar- 
rangement is  shown  in  Fig.  50-5. 

When  you  lift  the  carbon  rod  out  of  the 
solution  it  will  be  coated  with  a red  deposit  of 
metallic  copper.  The  copper  sheet  has  lost 
weight  and  the  rod  has  gained  weight,  show- 
ing that  copper  has  been  transferred  from  the 
copper  sheet  to  the  carbon.  This  is  electro- 
plating. The  terminal  at  which  the  current 


copper  from  a converter. 

lined  tank  containing  copper  sulfate  solution. 
These  slabs  are  the  anode.  A number  of  thin 
sheets  of  pure  copper  are  also  connected  in 
parallel  and  suspended  between  the  anode 
slabs.  The  sheets  of  pure  copper  form  the 
cathode.  The  arrangement  is  shown  in  Fig. 
50-6. 

The  anode  is  then  connected  to  the  posi- 
tive terminal  of  a direct-current  supply,  and 
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the  cathode  to  the  negative  terminal.  As  the 
current  flows,  pure  copper  is  transferred  from 
the  anode  to  the  cathode.  The  current  is  then 
cut  off,  and  the  cathode  sheets  are  removed 
from  the  tanks  and  washed. 

The  cathode  sheets  are  99.9  percent  pure 
copper.  They  are  melted  and  cast  into  molds. 
The  impurities  are  left  behind;  from  them  the 
gold  and  silver  are  extracted. 

Uses  of  Copper.  Copper  has  many  useful 
physical  and  chemical  properties  not  found 
in  any  other  common  metal.  In  particular,  it 


f'g.  50—5.  Copper  plating.  Battery  jar  full  of 
c-'^pper  sulfate.  A thin  copper  sheet  is  secured  to  a 
stout  wire,  and  the  wire  is  suspended  from  the  rim  of 
the  jar.  Cathode  is  a carbon  rod.  Five  dry  cells 

arranged  in  series,  and  a switch  in  the  circuit. 

’•eskts  corrosion,  and  it  is  a good  conductor  of 
<=lectricii7. 

Bccan'jC  of  their  noncorrosive  property,  cop- 
per and  copper  alloys,  such  as  brass  and 
bronze,  are  used  in  plumbing.  But  50  per- 
cent of  the  copper  manufactured  in  the 
United  States  is  used  for  cables  and  wires  in 
the  transmission  of  electricity. 

To  make  copper  wire,  bars  of  refined  copper 
are  heated  and  then  rolled  to  form  a rod.  The 
rod  is  then  drawn  through  a series  of  dies 
until  its  diameter  has  been  reduced  to  the 
required  size. 

Copper  in  Canada.  Although  the  output  of 
copper  is  far  below  that  of  steel,  the  large  de- 
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posits  in  Ontario,  Quebec,  Manitoba,  Saskat- 
chewan, and  British  Columbia  supply  our 
needs  and  allow  us  to  export.  About  264,000 
tons  of  copper  are  produced  annually  in 
Canada,  which  is  about  10  percent  of  the 
world’s  supply. 

ZINC 

Zinc  is  a metal  that  has  many  uses.  It  is 
not  as  familiar  to  us  as  are  copper  and  lead 
because  the  pure  metal  is  seldom  used.  Zinc 
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Fig.  50-6.  Lifting  pure  copper  cathodes  out  of  an 
electrolytic  tank. 

is  extensively  used  as  galvanized  iron  and  in 
the  form  of  alloys,  such  as  brass  and  bronze. 
The  most  common  zinc  ore  is  zinc  blende. 

Zinc  can  be  manufactured  by  an  electrolytic 
process,  but  it  is  more  commonly  obtained  by 
distillation.  In  the  latter  process  zinc  oxide 
mixed  with  coal  dust  is  placed  in  clay  retorts. 
The  retorts  are  heated  by  a fuel  gas,  and  the 
coal  reacts  with  the  oxide,  giving  carbon  mon- 
oxide and  zinc,  which  is  vaporized  and  then 
condensed.  The  condensed  molten  metal  is 
then  poured  into  molds  to  solidify. 
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Uses  of  Zinc.  Zinc  is  used  most  extensively 
in  the  manufacture  of  brass.  Brass  is  an  alloy 
of  zinc  and  copper.  It  :s  harder  and  stronger 


retorts  containing  zinc  oxide  and  coal  dust  are  heated 
by  hot  gases. 

THINGS  TO 

The  chief  copper  ores  are  malachite,  chalco- 
cite,  and  copper  pyrite. 

In  the  manufacture  of  copper,  the  ore  is 
concentrated,  roasted,  smelted,  oxidized,  and  re- 
fined. 

In  electroplating,  copper  is  removed  from  the 
anode  and  deposited  on  the  cathode. 


1.  Name  three  ores  of  copper  and  one  ore  of 
zinc. 

2.  Name  the  five  essential  operations  in  extract- 
ing metallic  copper  from  copper  ore. 

3.  Explain  the  terms:  (a)  anode;  (b)  cathode. 

4.  Name  three  provinces  in  which  copper  is 
faund.  Which  is  the  major  producer? 

5.  What  is  galvanized  iron? 
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than  either  of  these  metals  and  is  used  for 
tubes  and  fittings.  Another  alloy  of  zinc  is 
called  white  metal.  It  consists  of  zinc,  copper, 
aluminum,  and  magnesium.  Molten  white 
metal  is  die-cast;  that  is,  it  is  forced  under 
pressure  into  a steel  die,  where  it  solidifies. 
The  door  handles  and  the  radiator  grills  of 
automobiles  are  cast  in  white  metal  and  then 
electroplated  with  chromium  or  nickel  to  give 
them  a high  polish.  Other  white-metal  prod- 
ucts include  the  frame  and  agitator  of  the 
washing  machine,  the  frame  of  the  electric 
fan,  and  some  lamp  bases. 

Galvanized  iron  is  sheet  iron  or  steel  which 
has  been  dipped  into  molten  zinc.  The  coat- 
ing of  zinc  prevents  the  steel  from  rusting. 

Because  it  has  few  uses  in  the  unalloyed 
form,  zinc  is  a little-known  metal.  Sheet  zinc 
is  used  in  making  the  containers  of  dry  eells; 
and  in  Demonstration  23-3  zinc  was  used  in 
the  preparation  of  hydrogen. 

REMEMBER  

Copper  is  used  chiefly  as  a conductor  of  elec- 
tricity. 

Brass  and  bronze  are  alloys  that  eontain  cop- 
per and  zinc. 

Zinc  is  manufactured  by  distillation. 

White  metal,  an  alloy  of  zinc,  is  made  into  a 
variety  of  articles  by  die-casting. 

IONS 

B 

6.  (a)  Describe  the  oil-flotation  process. 

(b)  What  is  the  purpose  of  this  process? 

7.  Describe  the  process  of  smelting  copper. 

8.  Explain  how  copper  matte  is  converted  to 
blister  copper. 

9.  What  is  white  metal,  and  how  is  it  used? 


Chopter 


ALUMINUM  AND  MAGNESIUM 


Aluminum  and  magnesium  are  the  light- 
weight metals.  Aluminum  weighs  about  one- 
third  as  much  as  iron,  and  magnesium  is 
lighter  than  aluminum.  They  are  among  the 
most  abundant  metals  in  the  earth’s  crust, 
aluminum  being  almost  twice  as  abundant  as 
iron.  In  spite  of  their  abundance,  they  were 
for  many  years  unknown  as  metals.  It  was  not 
until  electric  power  was  developed  that  they 
could  be  produced.  The  aluminum  industry 
began  as  late  as  1886,  and  the  magnesium  in- 
dustry still  later.  Before  that  time  these  metals 
were  not  manufactured  because,  unlike  copper, 
iron,  and  zinc,  they  could  not  be  obtained  by 
heating  their  ores  with  coke. 

Aluminum  occurs  in  clay;  with  electric 
power  one  shovelful  of  clay  can  be  made  to 
yield  a pound  of  aluminum.  Magnesium 
occurs  in  sea  water;  800  pounds  of  sea  water 
will  yield  a pound  of  magnesium. 

When  aluminum  was  6rst  produced  there 
were  few  uses  for  it  because  it  was  not  strong. 
But  years  of  research  have  produced  aluminum 
and  magnesium  alloys  that  are  stronger  than 
some  steels. 


ALUMINUM 

Aluminum  occurs  as  the  mineral  alumina, 
or  aluminum  oxide,  and  is  usually  found  in 
combination  with  other  minerals.  Alumina 
was  well  known  at  the  end  of  the  18th  cen- 
tury. Even  at  that  time  chemists  tried  to  ex- 


tract aluminum  from  it.  At  first  it  looked  as 
though  the  process  would  be  simple — just  a 
matter  of  breaking  the  bonds  between  alumi- 
num and  oxygen.  The  chemists  found,  how- 
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Fig.  51  — 1.  Charles  Martin  Hall  at  the  time  of  his 
graduation  from  Oberlin  College  in  1885. 

ever,  that  these  bonds  could  not  be  broken  by 
ordinary  methods.  A far  more  active  substance 
than  carbon  was  needed  to  pull  the  oxygen 
away  from  the  metal. 

Oersted,  a Danish  physicist,  tried  using  po- 
tassium and  in  1825  he  succeeded  in  breaking 
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the  bonds.  But  aluminum  obtained  in  this 
way  cost  more  than  $500  a pound,  which  made 
it  more  precious  than  gold  or  silver.  The  first 
article  made  of  aluminum  was  a rattle  pre- 
sented to  the  infant  son  of  Napoleon  III.  It 
was  not  until  Charles  Martin  Hall,  an  Ameri- 
can, discovered  an  easier  way  to  break  the 
bonds  between  aluminum  and  oxygen  that  the 
metal  could  be  produced  at  a lower  cost. 

Charles  Martin  Hall.  As  a young  college 
student  Charles  Hall  read  the  literature  on 
the  new  metal  and  determined  to  be  the  first 
to  make  cheap  aluminum.  In  his  spare  time 
he  worked  on  this  problem  in  his  father's 
woodshed.  The  neighbors  complained  that  he 
was  “always  cooking  something.”  At  Oberlin 
College  his  chemistry  professor  encouraged 
him  by  offering  him  equipment  and  materials. 

The  idea  came  to  Hall  that  the  bonds  of 
aluminum  and  oxygen  might  be  broken  by 
electricity.  But  for  this  process  the  alumina 
must  be  in  solution.  After  many  trials  and  dis- 
appointments Hall  tried  cryolite  as  a solvent. 
Cryolite  is  a mineral  that  looks  like  ice  and  is 
found  only  in  Greenland.  It  melts  at  a low 
temperature  and  dissolves  alumina  easily. 
Hall  melted  cryolite  in  a carbon  crucible, 
added  alumina,  and  passed  a current  through 
the  solution.  At  the  bottom  of  the  crucible  he 
found  silvery  buttons  of  aluminum.  His  proc- 
ess was  successful! 

In  1886,  when  he  was  only  twenty-two  years 
^ old.  Hall  patented  his  process.  It  happened 
‘ that  at  almost  the  same  time  a young  French- 
i man  named  Heroult  had  by  accident  inde- 
pendently made  the  same  discovery  by  the 
same  method.  Thus  science  is  seen  to  advance 
I at  about  the  same  pace  in  many  countries. 
I Often  a scientific  discovery  is  made  independ- 
; ently  at  almost  the  same  time  by  two  or  three 
I different  persons.  In  the  United  States,  credit 
t for  the  discovery  of  the  aluminum  process  is 
j given  to  Hall;  in  France,  the  credit  is  given  to 
Heroult. 

I After  Hall's  discovery  the  price  of  alumi- 
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num  dropped  sharply.  Today  it  is  approxi- 
mately 15  cents  a pound. 

INDUSTRIAL  PREPARATION  OF  ALUMINUM 

Mining.  Clay  contains  alumina,  but  clay  is 
a low-grade  ore  and  cannot  be  worked  profit- 
ably. The  high-grade  ore  called  bauxite  may 
contain  as  much  as  50  percent  aluminum. 
Bauxite  may  be  white  or  deep  red;  it  may  be  a 
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Fig,  51—2.  Surface  mining  of  bauxite. 

fine  powder  or  a hard  rock;  it  may  occur  near 
the  surface  or  underground. 

Bauxite  Deposits.  Bauxite  deposits  are  found 
in  many  parts  of  the  world,  the  best  bauxite 
coming  from  tropical  countries.  There  are  no 
deposits  in  Canada  and  the  largest  aluminum 
smelter  in  the  world,  at  Arvida,  Quebec,  draws 
its  supply  from  British  Guiana.  Rich  deposits 
are  found  in  France,  India,  Malaya,  the  East 
Indies,  Australia,  the  African  Gold  Coast, 
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Brazil,  Dutch  Guiana,  and  Jamaica. 

Arvida  supplies  over  one  quarter  of  the 
world’s  aluminum,  making  Canada  the  second 
largest  producer.  Canada  owes  her  position  to 
the  fact  that  large  quantities  of  hydroelectric 
power  are  found  near  deep-water  ports.  To 
meet  the  growing  demand  a new  smelter  is 
now  being  built  at  Kitimat,  B.  C.,  where  over 
a million  and  a half  horsepower  will  be  made 
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do  not  dissolve.  The  clear  solution  is  taken  to 
another  tank  where  it  cools.  Crystals  of  alu- 
mina solidify  and  are  removed  from  the  solu- 
tion. 

Separation  of  the  Metal.  The  final  opera- 
tion is  carried  out  in  electrolytic  cells.  Each 
cell,  10  feet  wide,  16  feet  long,  and  1|  feet 
deep,  is  a steel  shell  lined  with  carbon.  The 
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Fig.  51-3.  An  electrolytic  cell  in  operation.  Note  the  tops  of  the  carbon  anodes  above  the 
crust  of  alumina.  Notice  also  the  charge  of  alumina  ready  to  be  dumped  into  the  cell. 


available  by  damming  the  Nechako  River  sys- 
tem. The  bauxite  will  come  from  Jamaica 

Purifying  the  Ore.  Alumina  must  first  be  sep- 
arated from  impurities  in  the  ore.  This  is  done 
by  crushing  the  ore  to  a powder  and  placing 
it  in  tanks  where  it  is  treated  with  lye  and 
steam.  The  steam  agitates  the  mixture  and 
condenses,  and  the  alumina  dissolves  in  the 
lye.  Such  impurities  as  silica  and  iron  oxide 


carbon  lining  is  the  cathode.  The  current  is 
led  into  the  cell  by  carbon  anodes  suspended 
overhead. 

Cryolite  is  first  put  in  the  cell  and  melted  by 
the  current.  Alumina  is  added;  it  dissolves  in 
the  molten  cryolite,  and  oxygen  is  released 
at  the  carbon  anodes.  The  aluminum  collects 
at  the  bottom  of  the  cell.  It  is  transferred  to 
ladles  and  cast  into  pigs.  Each  pig  weighs  50 
pounds. 
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Fabricating  the  Metal.  Aluminum  can  be 
rolled,  forged,  cast,  extruded,  drawn,  or  welded. 
Few  other  metals  can  go  through  so  many 
processes.  Aluminum  can  be  rolled  like  steel, 
either  into  flat  sheets  or  into  all  the  shapes  re- 
quired in  construction  work.  Or  it  can  be  ex- 
truded, in  much  the  same  way  as  toothpaste  is 
squeezed  out  of  a tube,  to  form  a flat  ribbon. 
In  this  process  the  hot  aluminum  is  forced 
under  tremendous  pressure  through  holes  or 
tubes  of  any  desired  shape.  In  this  way  tubes 
used  in  an  engine  or  plane  can  be  made  with- 
out joints  or  seams.  In  forging,  the  hot  metal 
is  hammered  into  shape  by  the  impact  of 
mechanically  operated  hammers.  Propeller 
blades,  for  example,  are  made  in  this  way. 

Alloys.  Although  aluminum  is  used  for  many 
purposes,  the  metal  is  seldom  used  in  pure 
form  because  it  has  little  strength.  Aluminum 
is  therefore  usually  found  in  alloys  that  make 
it  stronger  and  tougher.  The  alloys  are  made 
by  adding  magnesium,  copper,  manganese, 
and  chromium.  The  first,  and  probably  the 
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Fig.  51—4.  Forging  an  aluminum  airplane  propeller 
blade.  Notice  the  electrically  operated  hammer  used 
for  pounding  in  this  operation. 
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Fig.  51—5.  Aluminum  is  extensively  used  in  aircraft  construction. 
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best-known,  alloy  of  aluminum  is  duralumin. 
When  rolled,  duralumin  is  much  stronger 
than  pure  aluminum,  and  it  can  be  further 
strengthened  and  hardened  by  heat  treat- 
ments. 

The  lightness  and  strength  of  these  alloys 
make  them  very  valuable  in  aircraft  construc- 
tion. About  90  percent  of  the  materials  used 
in  some  bombers  is  aluminum  alloys. 


magnesium  alloys  are  preferable  to  aluminum 
alloys.  The  largest  magnesium  plant  in  the 
United  States  is  in  southern  Nevada,  where 
vast  deposits  of  magnesium  ore,  called  magne- 
site or  magnesium  carbonate,  are  found. 

Magnesium  from  Sea  Water.  During 
World  War  II  so  much  magnesium  was 
needed  for  airplanes,  incendiary  bombs,  and 


Courtesy  Dow  Chemical  Co, 


Fig.  51-6.  Magnesium  from  sea  water.  The  circular  tanks  in  the  background  contain  sea 
water  to  which  lime  has  been  added.  The  oyster-shell  storage  is  shown  on  the  right  in  the 
background  and  also  the  kilns  for  converting  the  shells  to  lime.  In  the  foreground  are  the  filters 
and  evaporators  where  magnesium  chloride  is  concentrated,  and  also  the  cell  buildings  where 


the  metal  i 

There  are  many  other  uses  of  aluminum. 
Airplanes,  trucks,  buses,  huge  parts  for  Diesel 
engines,  pots  and  pans,  lawn  mowers,  chairs, 
and  even  bridges  are  only  a few  examples  of 
the  wide  applications  of  aluminum. 

MAGNESIUM 

Magnesium  is  the  lightest  of  all  the  struc- 
tural metals,  and  for  some  special  purposes 


obtained. 

other  war  equipment  that  a plant  for  extract- 
ing magnesium  from  sea  water  was  built  at 
Freeport,  Texas.  There  for  the  first  time  met- 
allurgists used  sea  water  as  a source  of  metals. 

In  the  Freeport  plant,  oyster  shells  collected 
from  Galveston  Bay  are  heated  to  form  lime 
which  is  added  to  sea  water  in  large  tanks.  A 
reaction  takes  place  and  the  magnesium  is 
precipitated  as  an  insoluble  compound.  This 
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compound  is  then  separated  from  sea  water 
and  converted  into  magnesium  chloride.  The 
magnesium  chloride  is  melted,  and  a current  is 
passed  through  it.  Molten  magnesium  is 
formed  at  the  cathode,  and  chlorine  at  the 
anode.  The  light  magnesium  is  skimmed  off 
and  poured  into  molds  to  form  17-pound  pigs. 

Properties  of  Magnesium.  Like  aluminum, 
magnesium  can  be  rolled,  cast,  welded,  and  ex- 
truded. In  finely  divided  form  or  thin  strips 
it  burns  in  oxygen.  In  bulk,  however,  it  is  diffi- 
cult to  ignite,  and  it  is  therefore  quite  safe  in 
aircraft  construction. 

Magnesium  Alloys.  Like  aluminum,  magne- 
sium has  little  strength,  but  with  the  addition 
of  small  amounts  of  aluminum  and  manganese 
it  can  be  made  as  strong  as  steel.  About  80 
percent  of  our  magnesium  is  used  in  aircraft 
construction.  Magnesium  alloys  are  substi- 
tuted for  steel  in  the  construction  of  airplane 
engines  because  they  are  lighter  than  steel. 
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The  ordinary  locomotive  develops  about  one 
horsepower  for  every  one  hundred  pounds  of 
engine  weight.  The  airplane  engine  used  by 
Wilbur  and  Orville  Wright  was  made  of 


Fig.  51—7.  Magnesium  is  used  for  most  of  the  fuse- 
lage of  this  U.S.  Navy  jet  plane. 

aluminum-copper  alloy;  it  developed  one  horse- 
power for  every  13  pounds  of  engine  weight. 
The  modern  airplane  engine,  made  of  a mag- 
nesium alloy,  develops  one  horsepower  for 
each  pound  of  engine  weight. 


THINGS  TO  REMEMBER 


Charles  Martin  Hall  discovered  the  modern 
method  of  separating  aluminum  from  the  oxygen 
in  alumina. 

Aluminum  is  obtained  from  bauxite. 

Aluminum  can  be  rolled,  forged,  cast,  ex- 
truded, drawn,  and  welded. 


The  best-known  alloy  of  aluminum  is  du- 
ralumin, which  is  used  in  airplane  construction. 
Magnesium  is  extracted  from  sea  water. 
Magnesium  alloys  are  used  in  the  construction 
of  airplane  engines. 


QUESTIONS 


I A 

I ^ 

II.  Explain  the  terms:  {a)  bauxite;  {b)  alu- 
mina; (c)  cryolite. 

' 2.  What  is  meant  by:  (a)  forging;  (b)  extru- 

sion of  aluminum? 

3.  What  is  duralumin,  and  why  is  it  preferred 
to  pure  aluminum  for  most  purposes? 

4.  Why  is  magnesium  used  in  the  construction 
of  aircraft? 

5.  Name  a common  ore  of  aluminum  and  one 
of  magnesium. 


6.  Why  are  oyster  shells  used  in  the  manufac- 
ture of  magnesium  from  sea  water? 

B 

7.  Explain  why  aluminum  cannot  be  extracted 
from  aluminum  oxide  in  a blast  furnace. 

8.  How  did  Charles  Martin  Hall  first  obtain 
aluminum  from  its  ore? 

9.  Explain  how  aluminum  metal  is  obtained 
in  an  electrolytic  cell. 

10.  Explain  how  magnesium  is  extracted  from 
sea  water. 
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GLASS  AND  CEMENT 


In  the  preceding  chapters  of  this  unit  the 
metals  iron,  steel,  copper,  zinc,  aluminum,  and 
magnesium  are  discussed  as  construction  ma- 
terials. But  metals  are  not  the  only  materials 
used  for  construction  purposes.  As  already 
stated,  the  supply  of  metallic  ores  is  dwin- 
dling. Therefore,  whenever  possible,  the  un- 
limited resources  of  sedimentary  rock  should 
be  used  instead  of  metals. 

Limestone  is  the  ideal  rock  for  construction 
purposes.  When  strongly  heated,  it  decom- 
poses to  form  lime;  and  hot  lime  can  be  com- 
bined with  silica  or  sand  to  form  hard,  durable 
silicates.  Vast  quantities  of  sand  and  lime- 
stone are  used  in  the  manufacture  of  both 
glass  and  concrete. 

Glass  is  transparent,  and  it  is  not  affected 
by  ordinary  chemicals.  When  heated  it  be- 
comes plastic.  Thus  it  can  be  blown  to  make 
containers  of  all  shapes  and  sizes;  and  it  can 
be  used  to  transmit  light,  as  in  windowpanes 
and  lenses.  But  glass  can  also  be  given  other 
useful  properties,  as  we  shall  see  shortly.  Con- 
crete, on  the  other  hand,  forms  an  artificial 
rock  and  is  therefore  used  in  large-scale  con- 
struction. Like  ordinary  rock,  concrete  is 
slowly  eroded  by  the  forces  of  nature,  but  this 
does  not  detract  from  its  usefulness  as  a build- 
ing material. 

GLASS 

Glassmaking  has  been  an  industry  for  at 
least  three  thousand  years.  For  centuries  glass 


was  made  according  to  secret  formulas  dis- 
covered by  trial  and  error.  Yet  Egyptian  glass 
made  three  thousand  years  ago  has  almost  the 
same  composition  as  the  soda-lime  glass  used 
today.  It  was  not  until  the  beginning  of  the 


Courtesy  Ltbby-Owens-Ford  Glass  Co. 

Fig.  52—1 . A step  in  the  production  of  glass.  Here 
the  raw  materials  used  to  make  glass  are  being 
melted  together. 

present  century  that  much  improvement  was 
made  in  the  manufacture  of  glass. 

Window  glass  was  invented  sometime  dur- 
ing the  Middle  Ages.  The  windows  in  some 
of  the  medieval  cathedrals  in  Europe  are  price- 
less works  of  art.  The  glass  blowers  knew  how 
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to  color  their  glass  with  rich  reds,  yellows, 
greens,  blues,  and  purples. 

From  the  13th  to  the  18th  century  Venice 
was  the  center  of  the  glassmaking  art.  The 
Venetian  craftsmen  have  left  us  many  beauti- 
ful glass  cups  and  vases.  They  blew  glass 
in  molds,  cut  it,  and  decorated  it  with  gold 
leaf  and  with  a \ariety  of  colors.  They  also 
knew  the  value  of  reheating,  or  annealing,  to 
increase  the  strength  of  their  glass.  And  they 


CourtesM  Pittsburgh  Plate  Glass  Co. 


Fig.  52—2.  Grinding  and  polishing  plate  glass.  The 
rough  glass  plates  are  first  ground  to  uniform  thick- 
ness with  an  abrasive  of  sand  and  emery.  The  plates 
are  then  polished  by  felt  pads  on  revolving  disks. 
The  pads  are  covered  with  ferric  oxide,  or  rouge. 

were  the  first  to  make  mirrors  by  depositing 
a thin  coat  of  silver  on  the  back  of  a sheet 
of  glass.  The  Venetian  glassmakers  guarded 
their  secrets  carefully.  They  took  apprentices 
into  their  fraternity,  or  guild,  only  after  they 
had  proved  themselves  trustworthy.  Indeed, 
at  one  time,  to  further  guard  their  secrets,  the 
Venetian  glassmakers  were  kept  on  the  island 
of  Murano,  separated  from  Venice  by  a nar- 
row strip  of  the  sea,  where  they  were  almost 
prisoners.  But  secrets  cannot  be  kept  forever. 
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and  in  the  16th  and  17th  centuries  the  art  of 
glassmaking  spread  to  France,  Germany,  and 
England. 

Glassmaking  is  the  oldest  American  indus- 
try. It  dates  from  the  settlement  of  James- 
town. The  colonists  built  a small  furnace  just 
outside  the  stockade  and  made  glass  beads  to 
be  used  in  trading  with  the  Indians. 

Glass  was  present  in  nature  long  before  it 
was  made  by  man.  Natural  glass  is  called  ob- 
sidian; it  is  usually  black,  like  black  bottle 
glass.  Obsidian  was  formed  by  the  rapid  cool- 
ing of  molten  rock.  There  is  a huge  deposit  of 
obsidian  in  Yellowstone  National  Park.  It  is 
about  9 miles  long  and  5 miles  wide,  and  it 
rises  about  250  feet  above  the  countryside. 

Manufacture  of  Glass.  To  make  ordinary 
glass,  a mixture  of  sand,  lime,  and  soda  is 
melted  in  a furnace.  Other  substances,  such  as 
boric  oxide  or  lead  oxide,  may  be  added  to  give 
special  properties.  The  mixture  is  placed  in  an 
enormous  clay  pot  that  holds  about  two  tons 
of  raw  material.  The  pot  is  heated  to  about 
2800°  F.  in  a furnace  and  kept  there  from  36 
to  72  hours.  The  molten  glass  is  then  readv 
for  fabricating. 

When  plate  glass  is  being  manufactured, 
the  glass  is  poured  on  an  iron  table,  where  it 
spreads  in  much  the  same  way  as  batter 
on  a hot  griddle.  A heavy  cylinder  is  rolled 
over  this  mass  to  flatten  it  into  a uniform 
sheet.  The  glass  sheet  is  then  annealed  in  an 
oven.  Finally  it  is  polished  with  large  felt 
pads,  which  turn  at  high  speed,  using  water 
and  fine  rouge  for  polishing. 

Most  glass  products  are  produced  by  auto- 
matic machinery.  One  such  machine  makes 
electric-light  bulbs  at  the  rate  of  600  per  min- 
ute; another  makes  soft-drink  bottles  at  the 
rate  of  5,000  per  minute. 

Delicate  glassware,  such  as  vases  and  gob- 
lets, is  made  with  a blowpipe  just  as  was  done 
three  thousand  years  ago.  The  glass  blower 
dips  his  blowpipe,  which  is  a tube  four  feet 
long  with  a mouthpiece  at  one  end,  into  the 
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pot  of  molten  glass.  A mass  of  glass  collects 
on  the  end.  He  shapes  this  on  a metal  table. 
Then  he  blows  and  swings  the  pipe  to  enlarge 
and  cool  the  bubble  that  forms.  The  bubble 
is  then  put  into  a mold.  More  glass  is  added 
to  the  bubble,  and  the  glass  is  blown  into  its 
final  shape. 
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ing,  and  it  reflects  less  heat  than  metal  dishes. 
It  is  therefore  suitable  for  baking  dishes  and 
for  laboratory  glass  apparatus.  Pyrex  is  an  ex- 
ample of  borosilicate  glass. 

Safety  Glass.  Nonshatterable  safety  glass  is 
used  for  all  windows  in  modern  automobiles. 
It  is  made  by  placing  a sheet  of  transparent 


Courtesy  Corning  Glass  Works 

Fig.  52—3.  Hand  blowing.  The  men  are  making  rings  around  the  neck  of  a decanter  before 

blowing  it  into  final  shape. 


Kinds  of  Glass.  During  the  present  century 
glassmaking  has  become  one  of  the  major  in- 
dustries of  the  United  States.  Glass  can  be 
made  lighter  than  aluminum  or  heavier  than 
steel.  It  can  be  blown,  sawed,  knotted,  or 
woven.  Possessing  these  properties,  it  can  be 
fabricated  into  an  amazing  variety  of  articles. 

Borosilicate  Glass.  Borosilicate  glass,  which 
is  probably  the  best  all-purpose  glass,  contains 
boric  oxide.  It  has  a higher  melting  point  than 
ordinary  window  glass.  It  can  be  exposed  to 
a wide  range  of  temperatures  without  break- 


plastic  between  two  glass  plates  and  exposing 
the  three  layers  to  high  pressure  until  they  be- 
come one  unit.  The  plastic  layer  prevents  the 
glass  from  being  shattered  if  the  windshield  is 
broken. 

Glass  Fibers.  Melted  glass  can  be  drawn 
through  tiny  holes  to  form  a fluffy  mass  of 
wool-like  fibers.  These  glass  fibers  are  used  in 
making  loose  thick  mats  for  insulating  walls 
and  roofs  of  buildings  against  heat. 

Glass  fibers  can  also  be  spun  finer  than  silk 
thread— so  fine  that  a pound  of  fibers  would 
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stretch  around  the  earth.  Such  fibers  can  be 
twisted  into  yarn  and  woven  into  bedspreads, 
tablecloths,  fireproof  curtains,  and  sleeping 
bags. 

The  Mount  Palomar  Mirror.  The  disk  of  the 
Mount  Palomar  telescope,  which  is  in  south- 
ern California  near  San  Diego,  is  the  largest 
single  piece  of  glass  ever  manufactured.  It 
originally  weighed  about  20  tons.  The  back  of 


Courtesy  Corning  Glass  Works 


Fig.  52—4.  The  glass  disk  in  the  telescope  at  Mount 
Palomar,  which  weighs  about  1 5 tons,  is  the  largest 
piece  of  glass  ever  made. 

it  is  in  the  form  of  a grid,  like  a waffle  iron, 
except  that  the  units  are  triangular,  not  rec- 
tangular. It  took  eleven  years  to  complete  the 
grinding  and  polishing  of  this  glass  disk,  more 
than  five  tons  of  glass  being  removed. 

Modern  Glass.  The  glass  today  is  quite  dif- 
ferent from  that  of  years  ago.  It  is  no  longer  a 
substance  from  which  only  windowpanes  and 
tumblers  are  made.  As  a result  of  research, 
chemists  and  physicists  can  give  to  glass  prop- 
erties that  were  not  thought  possible  in  the 
19th  century.  It  can  be  made  to  transmit  the 
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rays  in  the  visible  spectrum  or  only  the  infra- 
red rays;  it  can  be  given  great  strength,  as  in 
automobile  windshields' or  in  watch  crystals; 
its  expansion  can  be  made  as  great  as  that  of 
steel.  Indeed,  it  is  misleading  to  speak  simply 
of  “glass,”  for  there  are  at  least  a thousand  dif- 
ferent kinds.  Glass  is  probably  the  most  adapt- 
able of  all  materials,  and  it  contributes  greatly 
to  our  convenience  and  comfort, 

CEMENT 

Cement  is  used  in  construction  work,  being 
second  only  to  steel  in  importance.  It  is  made 
from  limestone  and  either  clay  or  slag.  The 
mixture  is  crushed  to  a powder,  baked,  and 
powdered  again.  This  powder  will  absorb 
water  to  form  a synthetic  rock  that  is  harder 
than  most  natural  rocks. 

The  first  cement  was  made  in  1824  by  an 
Englishman  named  Aspdin,  who  mixed  lime- 
stone and  clay,  burned  them  in  a furnace,  and 
then  ground  them  to  a fine  powder.  When 
treated  with  water  and  allowed  to  stand,  this 
powder  hardened  to  a yellowish  mass  that 
looked  like  the  limestone  quarried  near  Port- 
land, England.  The  inventor  therefore  called 
it  Portland  cement. 

Manufacture  of  Cement.  Because  almost 
25,000,000  tons  of  limestone  are  needed  annu- 
ally for  the  cement  industry,  cement  mills  are 
usually  located  near  a good  limestone  supply. 
The  limestone  is  blasted  by  dynamite,  and 
after  being  crushed  it  is  taken  to  the  plant. 

Limestone  and  dried  clay  or  slag  are  mixed 
in  the  right  proportions.  The  mixture  is  put 
into  large  steel  cylinders,  loaded  with  tons  of 
steel  balls  about  the  size  of  walnuts.  As  the 
cylinders  turn,  the  tumbling  balls  pound  the 
mixture  to  a fine  powder.  The  mixture  now 
looks  like  cement,  but  it  lacks  the  necessary 
binding  properties.  To  gain  these  properties, 
it  requires  heating  and  further  grinding. 

Cement  Kilns.  The  mixture  is  then  burned 
in  a rotary  kiln.  Cement  kilns  are  the  largest. 
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pieces  of  rotating  machinery  used  in  industry, 
some  being  almost  500  feet  long.  They  are  set 
at  a slight  slope  to  make  the  material  move 
from  one  end  to  the  other,  and  they  are  turned 
by  electric  motors. 

A steady  stream  of  the  powdered  mixture 
is  admitted  at  the  higher  end,  and  as  the  kiln 
slowly  turns,  it  moves  to  the  lower  end.  There 
a powerful  blast  of  air  carries  powdered  coal 
toward  the  mixture.  The  coal  ignites  and 
heats  the  kiln  to  a temperature  of  about  2700° 
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important.  The  finer  the  particles,  the 
stronger  is  the  adhesion  between  them  in  the 
finished  product.  After  this  operation  the  par- 
ticles are  so  tiny  that  the  cement  will  pass 
through  a sieve  too  fine  to  allow  water  to  pass 
through  it. 

CONCRETE 

The  purpose  of  manufacturing  cement  is  to 
make  concrete.  Concrete  is  a paste  consisting 


Courtesy  Pittsburgh  Plate  Glass  Co. 

Fig.  52—5.  Modern  houses  provide  for  much  window  space. 


F.  at  the  burning  end.  As  the  raw  material 
passes  through  the  flames,  a mass,  called  a 
clinker,  is  formed.  The  clinker  drops  from  the 
kiln  and  is  carried  to  a storage  pile,  where  it 
cools. 

Pulverizing  the  Clinker.  The  clinker  is  then 
crushed  to  form  cement.  Again  the  grinding 
is  done  in  a battery  of  rotating  cylinders.  This 
time,  however,  the  degree  of  fineness  is  very 


of  cement,  sand,  gravel  or  crushed  rock,  and 
water.  When  water  is  added,  the  compounds 
in  the  cement  react  with  it  to  form  products 
that  cling  to  the  sand  and  gravel  and  to  each 
other.  Thus  a synthetic  rock  is  formed  that 
continues  to  harden  and  strengthen  for  some 
years. 

As  concrete  remains  soft  for  a short  time,  it 
can  be  poured  into  a mold  of  any  desired 
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Fig.  52—6.  A cement  kiln  may  be  as  long  as  500  feet.  It  is  slowly  rotated  so  that  the  charge 
falls  from  the  higher  to  the  lower  end. 


Courtesy  Public  Roads  Administration 


Fig.  52-7.  Paving  a concrete  highway. 
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shape.  It  is  used  for  every  kind  of  strueture. 
Concrete  can  vi^ithstand  a great  deal  of  pres- 
sure but  little  tension  or  stretch.  For  large 
structures  it  must  therefore  be  reinforced  with 
steel  rods  or  mesh.  Concrete  that  contains 
mesh  is  called  reinforced  concrete.  Dams, 
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and  20  feet  wide  requires  6,500  tons  of  ce- 
ment. More  than  100,000  miles  of  concrete 
highways  have  been  constructed  in  the  United 
States.  With  the  number  of  automobiles  on 
the  roads  increasing  steadily,  the  present  high- 
ways are  inadequate,  and  probably  road  con- 


Courtesy  U.S.  Bureau  of  Reclamation 

Fig.  52-8.  The  Hoover  Dam  rises  step  by  step  in  blocks  of  reinforced  concrete. 


lighthouses,  factories,  airports,  sea  walls, 
churches,  schools,  hospitals,  hotels,  and  high- 
ways are  made  of  reinforced  concrete. 

Highways.  More  cement  is  used  in  building 
concrete  highways  than  in  any  other  kind  of 
construction.  A mile  of  road  10  inches  thick 


struction  will  take  the  largest  part  of  manu- 
factured cement  for  many  years. 

Dams.  The  most  impressive  of  the  concrete 
structures  are  enormous  dams,  such  as  Hoover 
Dam  and  Grand  Coulee  Dam.  Hoover  Dam 
was  built  on  the  Colorado  River  in  one  of  the 
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driest  and  hottest  regions  in  the  United  States. 
As  explained  in  an  earlier  chapter,  the  mighty 
Colorado  cut  many  gorges  through  the  rocks 
in  its  path,  the  deepest  being  the  Grand  Can- 
yon. Before  the  dam  was  built,  the  Colorado, 
when  fed  by  the  melting  snows  of  the  Rockies 
in  the  spring,  often  overflowed  its  banks  and 
flooded  the  country  for  miles  around.  At  other 
times,  it  dried  up  so  that  men  could  walk 
across  its  bed.  During  these  times  of  drought 
the  crops  withered  and  livestock  was  slaugh- 
tered to  save  the  precious  water  for  home  use. 
This  harmful  cycle  of  flood  and  drought  was 
a common  occurrence. 

The  Hoover  Dam  project  was  one  of  the 
most  ambitious  engineering  plans  ever  con- 
ceived by  man.  The  dam  creates  a lake  large 
enough  to  store  the  entire  flow  of  the  Colo- 
rado River  for  two  years.  This  lake  supplies 
water  for  irrigation  even  when  there  are  no 
summer  rains,  provides  electric  power  for  the 
development  of  the  rich  mineral  regions  of 
Nevada  and  Arizona,  and  controls  the  spring 
floods  and  prevents  erosion  of  land  and  de- 
struction of  crops.  ^ 
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To  build  the  dam  across  the  canyon,  the 
Colorado  had  first  to  be  led  into  another  chan- 
nel. Canyon  walls  had  to  be  dynamited,  and 
it  was  necessary  to  dig  down  to  solid  rock  135 
feet  below  the  river  bed.  The  dam  is  more 
than  half  as  tall  as  the  Empire  State  Building 
in  New  York,  and  is  nearly  a quarter  of  a mile 
long. 

The  Tennessee  Valley  Aufhority.  The  Ten- 
nessee Valley  system  is  a network  of  dams 
along  the  Tennessee  River.  It  is  a government 
project  to  stop  soil  erosion  and  to  provide 
power. 

The  average  rainfall  in  the  Tennessee  Val- 
ley is  52  inches  a year.  Under  the  impact  of 
so  much  rain  there  was  a great  deal  of  erosion, 
and  much  fertile  soil  was  carried  to  the  Missis- 
sippi River  and  into  the  sea.  Today  the  water 
is  stored  behind  concrete  dams  in  ten  lakes, 
and  at  each  lake  generators  convert  water 
power  to  electricity.  The  Tennessee  Valley 
Authority  is  the  largest  power-producing  sys- 
tem in  America. 


■ THINGS  TO 

The  Venetians  were  famous  glassmakers  from 
the  13th  to  the  18th  century. 

Natural  glass  is  called  obsidian. 

Ordinary  glass  is  made  from  sand,  lime,  and 
soda. 

Borosilicate  glass  is  used  in  making  laboratory 
glassware  and  baking  dishes. 

Safety  glass  has  a layer  of  plastic  between  two 
layers  of  glass.  It  is  nonshatterable. 


I 1.  What  is  obsidian? 

r 2.  What  is  safety  glass,  and  how  is  it  made? 

I 3.  State  the  difference  between  cement  and  con- 
i Crete. 

1 B 

ji  4.  How  is  ordinary  glass  made? 


REMEMBER  

Cement  is  made  by  pulverizing  a mixture  of 
limestone  and  clay  or  slag,  heating  the  mixture 
in  a furnace,  and  then  pulverizing  it  again. 

Concrete  is  a paste  of  cement,  sand,  and 
gravel. 

Reinforced  concrete  is  used  in  constructional 
work,  such  as  highways  and  dams. 


IONS 

5.  {a)  How  does  boTosilicate  glass  differ  from 

ordinary  glass? 

(b)  Why  is  borosilicate  glass  used  in  making 
cooking  utensils? 

6.  Write  a short  account  of  the  Venetians  as 
glassmakers. 

7.  Describe  the  operation  of  the  rotary  kiln. 
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REVIEW  QU  ESTIO 

A 

1.  State  which  of  the  following  are  elements 
and  which  alloys;  (a)  iron;  {b)  steel;  (c) 
glass;  (d)  brass;  (c)  zinc;  (/)  cement. 

2.  Name  a common  ore  of:  (a)  iron;  (b) 
copper;  (c)  zinc;  (d)  aluminum;  (e)  mag- 
nesium, 

3.  What  industries  do  you  associate  with  each 
of  the  following  places:  {a)  Arvida;  (b) 
Sydney;  (c)  Labrador-Quebec;  (d)  Kiti- 
mat? 

• >.  Which  of  the  following  metals  cannot  be 
obtained  by  heating  the  ore  with  coke:  (a) 
magnesium;  (b)  iron;  (c)  zinc;  (d)  alu- 
minum? 

5.  In  electrolytic  refining  the  metal  is  always 
formed  at  the  — ? — . 

6.  Which  metal  is  extracted  by  the  oil-flota- 
tion process?  Why? 

7.  Apart  from  the  air  needed  for  making  fire, 
which  of  the  following  operations  need  large 
quantities  of  air?  The  manufacture  of: 
(a)  iron;  (b)  steel;  (c)  aluminum;  (d) 
glass. 

8.  Name  the  chief  metal  in  the  following  al- 
loys: (a)  bronze;  (b)  stainless  steel;  (c) 
duralumin;  (d)  white  metal. 
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STRUCTURAL  MATERIALS 

IS  ON  UNIT  10 

9.  Compare  the  physical  properties  of  the 
metals  copper  and  aluminum. 

1 0.  State  three  properties  of  glass  which  are  not 
found  in  most  other  substances. 

B 

n.  Explain  the  purpose  of:  (a)  the  blast  fur- 
nace; (b)  the  open-hearth  furnace. 

12.  (a)  What  are  steel  alloys? 

(b)  Name  three  such  alloys  and  give  their 
uses. 

13.  Compare  the  uses  of  carbon  in  the  blast 
furnace  and  in  the  manufacture  of  alumi- 
num. 

14.  Explain  the  part  played  by  limestone  in : (a) 
the  manufacture  of  glass;  (b)  the  manufac- 
ture of  cement. 

15.  Give  the  reasons  why  Canada,  although  it 
has  no  bauxite  deposits,  has  become  a lead- 
ing producer  of  aluminum? 

16.  The  Hoover  Dam  is  660  feet  thick  at  the 
base  and  is  only  45  feet  at  the  top.  Ex- 
plain why. 

17.  Explain  how  the  high  temperatures  are  ob- 
tained in  the  manufacture  of:  (a)  iron;  (b) 
aluminum;  (c)  cement;  (d)  glass. 
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CHEMICAL  ACTIVITY 


The  systematic  study  of  chemistry  did  not 
get  under  way  until  the  19th  century.  We 
have  already  discussed  the  important  contri- 
bution of  Lavoisier  in  the  field  of  combustion 
(see  page  202)  at  the  end  of  the  18th  cen- 
tury. At  the  time  of  Lavoisier’s  death  an 
Englishman  named  John  Dalton  was  ponder- 
ing the  subject  of  atoms.  In  1808  he  pub- 
lished his  Atomic  Theory  which  was  destined 
to  have  more  repercussions  than  any  other 
scientific  theory  ever  formulated.  As  stated 
on  page  21,  the  Greek  philosophers  first  in- 
troduced the  idea  of  atoms.  But  their  ideas 
were  very  vague.  They  thought  of  atoms  as 
building  blocks  of  matter  and  they  believed 
' that  building  blocks  of  the  same  element 
jl  could  have  different  sizes  and  shapes.  Then 
r for  centuries  the  Greek  atoms  were  forgotten 
until  John  Dalton  revived  the  idea  in  a very 

I different  form.  

I I What  is  Dalton's  Atomic  Theory?  Dalton’s 
1 1 theory  can  be  summarized  in  four  simple  sen- 
Ij  fences.  First  we  will  state  the  theory  and 
; I,  then  discuss  one  of  the  statements  in  it. 

j Dalton  said  that: 

,1  (1)  Matter  is  composed  of  atoms  which  are 
I indestructible  particles; 

( 2 ) All  atoms  of  the  same  element  have  the 
i same  weight  and  are  alike  in  properties; 

i ( 3 ) Atoms  of  different  elements  differ  in 

j weight  and  properties  from  those  of 

I other  elements; 


(4)  Compounds  are  formed  by  a combina- 
tion of  atoms  of  different  kinds. 

The  first  item  in  his  theory  was  similar  to 
the  Greek  idea,  stated  2000  years  earlier.  But 
the  second  item  is  far  different.  Dalton’s 
assumption  that  all  atoms  of  the  same  kind 
are  alike  was  one  of  the  most  important  scien- 
tific statements  made  up  to  that  time.  In  the 
first  place,  it  followed  from  this  statement 
that  there  were  such  things  as  atomic  weights, 
a subject  already  discussed  on  page  21.  Dal- 
ton was  the  first  scientist  to  work  experi- 
mentally on  the  determination  of  atomic 
weights. 

But  the  statement  meant  far  more  than 
this.  Let  us  see  how  Dalton  used  his  theory 
to  discover  some  natural  laws.  The  first  of 
these  discoveries  was  known  as  the  Law  of 
Conservation  of  Mass. 

The  Law  of  Conservation  of  Mass.  Dalton 
reasoned  as  follows.  When  atoms  take  part 
in  a chemical  reaction  they  simply  change 
partners— they  attach  themselves  to  a differ- 
ent kind  of  atom  and  form  a different  kind  of 
molecule.  The  atoms  do  not  change  in 
weight  so  that  the  total  weight  of  all  the 
atoms  must  be  the  same  after  an  experiment 
as  it  was  before  it.  Dalton  expressed  this  idea 
in  simple  language  when  he  said.  There  is 
no  ehange  of  weight  in  any  chemical  reaction. 
This  he  called  the  Law  of  Conservation  of 
Mass. 
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THE  CHEMICAL  NATURE  OF  THINGS 


This  law  is  probably  the  most  important 
law  in  chemistry.  It  means  that  in  a chem- 
ical reaction  the  weights  of  the  starting  sub- 
stances are  exactly  the  same  as  the  weights 
of  the  products.  Now  this  is  precisely  the 
assumption  we  make  in  chemical  computa- 
tions—it  is  at  the  basis  of  all  work  on 
chemical  analysis.  When  a substance  is  ana- 
lyzed we  find  the  percentage  weights  of  the 
constituent  elements.  This  is  a basic  process 
in  chemistry  and  yet  it  could  not  be  done 
until  the  above  law  was  established.  If  you 
take  a more  advanced  course  in  chemistry 
you  will  solve  many  problems  based  on  the 
law.  For  us,  we  will  be  content  to  verify  the 
law  by  experiment. 

Demonstration  53-1.  To  Verify  the  Law  of  Conservation 
of  Mass. 

Pour  some  silver  nitrate  solution  into  a flask. 
Almost  fill  a small  test  tube  with  hydroehlorie 
acid  and  lower  it  into  the  flask  by  a cotton  thread. 
Secure  the  thread  by  a stopper  as  shown  in  Fig. 
53-1.  Weigh  the  flask  and  contents.  Tilt  the 


Fig.  53-1.  Verifying  the  law  of  Conservation  of 
Mass. 

flask  so  that  the  two  solutions  mix.  A white 
precipitate  is  formed.  Weigh  the  flask  and  con- 
tents again. 

The  formation  of  a white  precipitate  proves 
that  a new  substance  has  been  formed;  in  other 
words,  a chemical  change  has  taken  place.  And 
yet  the  total  weight  remains  the  same.  This 
verifies  the  law. 


What  is  a Scientific  Law?  As  you  continue  I 
with  your  science  courses  you  will  learn  a 
good  many  laws.  What  are  they?  How  im- 
portant are  they?  First  of  all,  let  it  be  said 
that  a scientist  is  always  trying  to  understand 
nature— trying  to  make  nature  divulge  her 
secrets.  Within  the  past  200  years  scientists 
have  learned  a great  deal  about  nature.  But 
there  is  also  a great  deal  they  do  not  know. 
There  are  still  many  fields  to  be  investigated 
if  you  decide  to  become  a scientist.  When  a 
scientist  discovers  something  about  nature  he 
expresses  his  discovery  in  the  form  of  a law. 
In  other  words,  a scientific  law  is  a way  of 
telling  us  how  nature  behaves.  Notice  that  a 
scientific  law  is  very  different  from  a civil  law 
or  a law  on  the  statute  book.  A civil  law  is 
man-made;  it  is  designed  to  protect  us  as 
members  of  a community  or  state.  A scien- 
tific law,  on  the  other  hand,  is  independent 
of  man — it  is  discovered,  not  made. 

Whaf  is  the  Scienl-ific  Method?  How  does 
the  scientist  succeed  in  unfolding  the  secrets 
of  nature?  First  of  all,  he  performs  a large 
number  of  experiments  concerned  with  his 
particular  problem.  Then  out  of  his  experi- 
mental work  a pattern  of  behavior  may 
emerge.  He  then  makes  a guess  on  the  way 
nature  operates.  This  guess  is  called  a hypo- 
thesis. If  the  guess  or  hypothesis  serves  to 
explain  a good  many  phenomena,  the  hypo- 
thesis is  ealled  a theory. 

Once  a theory  is  established,  it  can  be  used 
to  delve  into  the  unknown.  It  is  a powerful 
pioneering  tool.  For  instance,  Dalton  dis- 
eovered  three  scientifie  laws  by  means  of  his 
atomic  theory. 

Let  us  note  in  passing  that  Dalton  could 
not  prove  his  theory  by  experiment.  He  could 
not  weigh  atoms,  nor  could  he  measure  the 
sizes  of  atoms.  That  is  to  say,  his  theory  was 
a guess.  But — and  this  is  important— the  de- 
ductions he  made  from  his  theory  could  be 
tested  by  experiment.  We  ourselves  have 
tested  the  Law  of  Conservation  of  Marss  by 
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experiment.  Such  deductions  which  meet  the 
test  of  experiment  help  to  establish  the  truth 
of  the  theory. 

The  Low  of  Constant  Proportions.  Dalton 
had  great  faith  in  his  theory  and  he  used  it  to 
discox’er  other  natural  laws.  The  only  one  we 
shall  consider  at  this  time  is  the  Law  of  Con- 
stant Proportions.  Dalton  arrived  at  this  law 
in  the  following  way; 

Suppose  two  compounds  have  precisely  the 
same  properties.  The  properties  of  a com- 
pound depend  on  the  kind  of  atoms  and  the 
number  of  atoms  it  contains.  If  two  com- 
pounds are  alike  it  follows  that  they  must  be 
made  up  of  the  same  kind  and  number  of 
atoms.  But  all  atoms  of  the  same  element 
have  the  same  weight.  Therefore  these  two 
compounds  must  have  the  same  composition 
by  weight. 

From  this  argument  Dalton  drew  the  fol- 
lowing conclusion.  A given  compound  always 
contains  the  same  elements  in  the  same  fixed 
proportion  by  weight.  This  he  called  the  Law 
of  Constant  Proportions. 

This  law  is  also  one  of  the  basic  laws  of 
Chemistry.  Let  us  see  what  it  means  by  con- 
sidering the  compound  copper  oxide.  Copper 
oxide,  you  may  recall,  is  a black  powder.  It 
can  be  made  in  at  least  four  entirely  different 
ways.  If  copper  oxide  is  analyzed  it  is  found 
to  consist  of  80  percent  copper  and  20  per- 
cent oxygen.  No  matter  if  it  is  made  in 
Canada,  or  China,  or  in  England,  ip jtill  has,^ 
the  same  composition. 

This  is  a very  remarkable  thing.  Chemical 
compounds  are  constant  in  their  composition. 
New  compounds  are  being  made  and  ana- 
lyzed by  research  chemists  every  day.  These 
chemists  write  up  their  method  of  making 
them  in  a Chemical  Journal.  If  a chemist  on 
the  other  side  of  the  world  wishes  to  make 
them,  he  can.  And  he  will  find  precisely  the 
same  percentage  compositions.  Probably  you 
now  begin  to  understand  what  is  meant  when 
chemistry  is  called  an  exact  science. 


John  Dalton  (1766-1844).  Dalton’s  Atomic 
Theory  was  the  starting  point  for  a great  deal 
of  research  work  upon  the  atom.  It  led  di- 
rectly to  the  present  day  knowledge  of  atomif 
structure  and  even  to  the  knowledge  thal 
enabled  scientists  to  smash  the  atom.  Who 
was  this  man  Dalton? 

John  Dalton,  a Quaker,  lived  in  the  Lake 
District  in  England.  His  father,  a weaver,  was 
too  poor  to  pay  for  the  education  of  his  son. 
John  Dalton  left  his  village  school  at  11  years 
of  age.  But  he  had  a keen  mind  and  was 
ambitious.  He  taught  himself  Latin,  Greek, 
Erench,  mathematics,  and  natural  philosophy, 
as  science  was  then  called. 


' He  became  a teacher  at  an  early  age  and 
remained  a teacher  for  the  rest  of  his  life. 
Dalton  was  a reserved,  unassuming,  uncouth, 
and  frugal  man.  He  used  to  take  long  soli- 
tary walks  in  his  mountainous  neighborhood, 
and  it  was  during  these  walks  that  he  medi- 
tated on  his  atomic  theory.  His  achievement 
is  extraordinary  because  he  became  one  of  the 
greatest  scientists  in  spite  of  his  deficient  edu- 
cational background. 

Towards  the  end  of  his  life,  when  the  value 
of  his  Atomic  Theory  was  beginning  to  be 
recognized,  honors  were  showered  freely  upon 


472 


THE 

him.  He  was  made  a Fellow  of  the  Royal 
Society— the  highest  scientific  distinction  in 
England— and,  at  68  years  of  age,  the  British 
government  recognized  his  merit  and  granted 
him  a pension  of  $1500  a year. 

Chemical  Activity.  In  his  law  of  Constant 
Proportions  Dalton  referred  to  the  eomposi- 
tion  of  eompounds.  A question  that  might 
well  be  asked  at  this  time  is.  Why  are  com- 
pounds formed?  Or,  expressed  another  way, 
What  is  ehemical  aetivity?  These  are  im- 
portant questions  and  they  eannot  be  answered 
until  we  have  more  ehemieal  knowledge.  But 
we  ean  move  in  that  direction  by  considering 
morexhemical  reaetions.  Let  us  turn  back  to 
page  207  and  refer  again  to  the  preparation 
of  hydrogen.  The  experiment  on  this  page 
proves  that  hydrogen  can  be  made  by  a re- 
action between  the  metal  zine  and  sulfuric 
acid.  Where  does  the  hydrogen  eome  from 
in  this  reaction?  Clearly  it  must  come  from 
either  the  zinc  or  the  aeid.  It  eannot  come 
from  the  zinc  because  zinc  is  an  element. 
What  then,  is  an  acid? 

Whaf  is  an  Acid?  Acids  are  an  exceedingly 
important  group  of  compounds — there  are 
literally  hundreds  of  acids.  And  they  all  con- 
tain hydrogen.  A simple  way  of  testing  for 
an  acid  is  to  use  blue  litmus  paper.  Dip  the 
litmus  into  the  solution  and  if  the  paper 
turns  red,  the  solution  is  an  acid. 

If  we  were  to  be  specific  we  would  say. 
An  acid  is  a substance  which  contains  hydro- 
gen, this  hydrogen  being  replaceable  by  a 
metal  to  form  a salt.  This  definition  involves 
another  elass  of  substances  called  salts,  — acids 
and  salts  are  closely  related.  In  faet,  a salt  is 
always  formed  when  the  hydrogen  of  an  acid 
is  replaced  by  a metal.  Salts  are  so  important 
that  we  had  better  make  one,  or  even  two,  of 
them. 

Demonstration  53-2.  To  Make  a Salt. 

Place  a few  pieces  of  zinc  in  a beaker  and  then 
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pour  enough  dilute  sulfuric  acid  into  the  beaker 
to  cover  the  zinc.  Notice  the  brisk  chemical  ac- 
tion and  the  formation  of  bubbles  of  hydrogen. 

After  two  or  three  mdnutes  filter  the  solution 
and  catch  the  clear  solution  in  an  evaporating 
dish.  Put  the  dish  aside  for  a day  and  then  no- 
tice the  long  crystals  that  have  formed  in  the  dish. 

The  crystals  are  zinc  sulfate,  a salt.  We 
can  express  the  reaction  by  the  equation, 

zinc  + sulfuric  acid  ->  zinc  sulfate  + hydrogen 

A sulfate  is  a salt  formed  from  sulfuric  acid. 
There  are  many  sulfates— sodium  sulfate,  cal- 
cium sulfate,  magnesium  sulfate,  ferrous  sul- 
fate {ferrous  is  a word  the  chemist  uses  for 
iron ) . 

Salts  of  Other  Acids.  Sulfuric  acid  is  by  no 
means  the  only  acid  that  will  react  with 
metals.  Let  us  try  hydrochloric  acid.  Salts 
formed  from  hydrochloric  acid  are  called 
chlorides.  The  most  plentiful  of  all  salts  is 
sodium  chloride.  For  this  reason  it  is  called 
common  salt  or  just  salt. 

Demonstration  53—3.  To  Make  Magnesium  Chloride. 

Place  a piece  of  magnesium  ribbon  in  a test 
tube.  Pour  a little  dilute  hydrochloric  acid  in  the 


Fig.  53-3.  Evaporation  of  Magnesium  Chloride 
Solution. 

test  tube.  Notice  the  exceedingly  vigorous  reac- 
tion and  the  evolution  of  hydrogen.  Pour  the 
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clear  solution  into  an  e\  aporating  dish  and  evapo- 
rate the  solution  as  shown  in  Fig.  53-3. 

A white  residue  remains  in  the  dish.  This 
is  magnesium  chloride.  Again  we  can  write 
the  reaction  as  an  equation. 

magnesium  + hydrochloric  acid  -» 
magnesium  chloride  + hydrogen 
Similarly,  if  we  were  to  treat  magnesium 
with  nitric  acid  we  would  get  magnesium  ni- 
trate. And  with  acetic  acid  we  would  get 
magnesium  acetate. 

Are  All  Metals  Active?  Magnesium  is  an 
active  metal.  Will  other  metals  react  just  as 
readily  with  hydrochloric  acid?  This  is  an 
important  question,  and  we  can  answer  it  by 
observing  an  experiment. 

Demonstration  53-4.  To  Show  that  Metals  Vary  in  Activity. 

Place  a little  of  one  of  the  following  metals  in 
each  of  four  test  tubes:  magnesium,  zine,  iron, 
eopper.  Pour  dilute  hydrochloric  acid  into  each 
test  tube  and  observe  the  effects.  Hydrogen  is 
evolved  rapidly  with  magnesium,  slowly  with  iron 
and  zine,  but  not  at  all  with  eopper. 

We  therefore  conclude  that  iron  and  zinc 
are  less  active  than  magnesium,  and  that  cop- 
per is  less  active  than'iron  or  zinc. 

By  a similar  experiment  we  can  test  the 
activities  of  other  metals  and  then  arrange 
them  in  a so-called  Activity  List. 

The  Activity  List  of  Metals.  If  the  list  is 
I arranged  in  diminishing  order  of  activity— 
i that  is,  beginning  with  the  most  active  and 
I ending  with  the  least  active— it  is  as  follows: 
f;  Potassium,  Sodium,  Calcium,  Magnesium, 

(Aluminum,  Zinc,  Iron,  Lead,  Hydrogen,  Cop- 
per, Mercury,  Silver,  Platinum,  Gold. 

This  is  not  a complete  list  of  metals — it 
I includes  only  the  common  ones.  Notice  also 
j j that  hydrogen  is  in  the  list  although  it  is  not 
i I a metal.  But  it  behaves  like  a metal  and  is 
I there  for  purposes  of  comparison. 


The  first  important  observation  to  be  made 
about  this  list  is  that  metals  above  hydrogen 
will  displace  it  from  acids;  metals  below  hy- 
drogen will  not.  For  example,  lead  will  dis- 
place hydrogen  very  slowly.  But  the  metals 
copper,  mercury,  silver,  platinum  and  gold 
are  not  affected  either  by  sulfuric  or  hydro- 
chloric acids. 

Some  Metals  React  With  Water.  Another 
important  thing  to  know  is  that  those  metals 
which  liberate  hydrogen  from  acids  will  also 
liberate  hydrogen  from  water  or  steam.  Or, 
metals  above  hydrogen  in  the  Activity  List 
will  displace  hydrogen  from  water  or  steam; 
those  below  hydrogen  will  not. 

However,  the  rate  at  which  hydrogen  is 
evolved  is  considerably  slower  from  water 
than  from  acids.  For  example,  zinc  does  not 
react  with  water  at  all.  But  hot  zinc  displaces 
the  hydrogen  from  steam  rapidly. 

We  will  investigate  the  reaction  between 
the  active  metal  calcium  and  water. 

Demonstration  53-5.  Calcium  Reacts  With  Water. 

Almost  fill  a 500  cc  beaker  with  water.  Drop  a 
pieee  of  ealeium  into  the  water  and  notiee  that 
a reaetion  starts  at  onee.  Plaee  a small  funnel  or 
thistle  tube  over  the  ealeium  as  shown  in  Fig. 
53-4. 


n 


Fig.  53-4.  Decomposition  of  water  by  calcium. 

Fill  a test  tube  with  water.  Close  the  tube 
with  the  thumb,  and  invert  the  tube  and  plaee 
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the  open  end  under  water.  Now  arrange  the 
tube  so  as  to  eolleet  the  bubbles  of  gas.  When 
the  tube  is  filled  with  gas,  withdraw  it  from  the 
beaker  and  plaee  the  open  end  near  the  flame  of 
a Bunsen  burner.  The  gas  burns  with  a loud  pop. 
This  is  a test  for  hydrogen. 

Place  a piece  of  red  litmus  paper  in  the  beaker 
and  notice  that  it  turns  blue.  The  substance  in 
the  beaker  is  neither  an  acid  nor  a salt — it  is  a 
base.  Solutions  of  bases  turn  red  litmus  paper 
blue. 

Bases  are  the  third  elass  of  eompounds  to 
be  mentioned— aeids,  salts  and  bases.  If  we 
wish  to  give  bases  a chemieal  name,  we  would 
say  they  are  hydroxides.  The  base  formed  in 
the  above  reaction  is  calcium  hydroxide.  Or, 

calcium  + water 
calcium  hydroxide  + hydrogen 

Sodium  and  potassium  will  also  react  with 
water  to  form  hydroxides.  But  these  reactions 
are  dangerous  unless  done  with  care.  Chem- 
ically, they  are 

sodium  -f  water  ^ 
sodium  hydroxide  + hydrogen 

THINGS  TO 

Dalton’s  Atomic  Theory  states:  (1)  Matter 
is  composed  of  indestructible  particles  called 
atoms;  ( 2 ) Atoms  of  the  same  element  have  the 
same  weight  and  are  alike  in  properties;  (3) 
Atoms  of  different  elements  diflfer  in  weight  and 
properties  from  those  of  other  elements;  (4) 
Compounds  are  formed  by  the  combination  of 
atoms  of  different  kinds. 

The  Law  of  Conservation  of  Mass  states, 
There  is  no  change  of  weight  in  any  chemical 
reaction. 


1 . What  is  a scientific  law? 

2.  What  is  a scientific  theory? 

3.  Write  a short  account  of  the  personality  of 
John  Dalton. 

4.  What  is  meant  by  the  expression.  Fellow 
of  the  Royal  Society? 

5.  Name  three  common  acids. 

6.  Name  three  metals  above  hydrogen  in  the 
Activity  List,  and  three  below  hydrogen. 
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potassium  + water  — > 
potassium  hydroxide  + hydrogen 

The  metals  magnesium,  aluminum,  zinc, 
iron,  and  lead  do  not  react  with  water  at 
ordinary  temperatures.  Both  metal  and  water 
have  to  be  heated  before  they  will  react.  If 
steam  is  passed  over  the  heated  metal,  the 
steam  is  decomposed  and  hydrogen  released. 
The  oxygen  from  the  steam  combines  with 
the  metal  to  form  an  oxide.  Or, 
magnesium  + steam  -» 
magnesium  oxide  4-  hydrogen 
zinc  + steam  zinc  oxide  + hydrogen 

Notice  that  at  ordinary  temperatures  a 
hydroxide  is  formed,  whereas  at  high  tempera- 
tures an  oxide  is  formed.  These  are  rather 
difficult  concepts.  But  they  will  make  sense 
if  we  write  our  equations  in  symbolized  form 
instead  of  words.  By  using  symbols  we  can 
visualize  a reaction  moie  easily  than  by  ex- 
pressing the  reaction  in  words.  In  the  next 
chapter  we  will  learn  the  chemist’s  shorthand 
for  writing  symbols,  formulas,  and  equations. 

REMEMBER  

The  Law  of  Constant  Proportions  states,  A 
given  compound  always  contains  the  same  atoms 
in  the  same  fixed  proportion  by  weight. 

An  acid  is  a substance  which  contains  hydro- 
gen, this  hydrogen  being  replaceable  by  a metal 
to  form  a salt. 

Metals  above  hydrogen  in  the  Activity  List 
will  replace  hydrogen  from  acids  or  water;  those 
below  hydrogen  will  not. 

IONS 

7.  What  is  meant  by  the  terms:  (a)  sulfate; 
(b)  nitrate;  (c)  base? 

B 

8.  Explain  the  important  differences  between 
the  Greek  idea  of  atoms  and  Dalton’s  idea. 

9.  Discuss  the  reasoning  by  which  Dalton  ai- 
rived  at  the  Law  of  Conservation  of  Mass. 

10.  Explain  how  you  could  verify  the  law  of 
Constant  Proportions. 
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1 1.  Explain  liow  you  could  prepare  a sample  of  12.  Write  word  equations  for  the  following  re- 
aluminum chloride  using  a metal  and  an  actions;  (a)  magnesium  -|-  sulfuric  acid; 

acid.  (b)  aluminum  -T  steam;  (c)  calcium  -|- 

water;  (d)  zinc  -j-  hydrochloric  acid. 


PROJECT 


Reaction  between  Zinc  and  Copper  Sulfate. 
Pour  about  10  cc  of  copper  sulfate  solution  into 
a test  tube.  Place  several  pieces  of  zinc  in  the 
tube.  Close  the  test  tube  with  a stopper  and 


shake  it  for  some  time.  Record  the  two  visible 
changes  that  take  place.  How  can  you  explain 
these  changes? 


chapter  54 


THE  SHORTHAND  OF  CHEMISTRY 


Chemists  have  found  it  eonvenient  to  rep- 
resent the  elements  by  symbols.  Every  ele- 
ment has  its  ovv^n  special  symbol.  Wherever 
possible,  the  symbol  is  the  first  letter  of  the 
word.  Thus  H is  the  symbol  for  hydrogen, 
O for  oxygen,  N for  nitrogen,  S for  sulfur, 
P for  phosphorus,  U for  uranium. 

In  some  cases,  more  than  one  element  has 
the  same  initial  letter.  A second  letter  is  then 
necessary  to  distinguish  the  element.  For  ex- 
ample, C stands  for  carbon,  Ca  for  calcium. 
Cl  for  chlorine,  and  Cr  for  chromium.  Other 
common  symbols  with  two  letters  are  Al, 
aluminum;  Mg,  magnesium;  Zn,  zinc;  Mn, 
manganese;  Br,  bromine;  Ra,  radium. 

The  metals  known  to  the  alchemists 
acquired  different  names  in  different  countries. 
In  order  to  establish  common  international 
symbols  it  was  agreed  to  use  their  Latin  names 
for  this  purpose.  The  following  is  a list  of 
such  elements: 


Element 

Latin  Name 

Symbol 

Copper 

cuprum 

Cu 

Gold 

aurum 

Au 

Iron 

ferrum 

Fe 

Lead 

plumbum 

Pb 

Mercury 

hydrargyrum 

Hg 

Potassium 

kalium 

K 

Silver 

argentum 

Ag 

Sodium 

natrium 

Na 

Tin 

stannum 

Sn 

Just  as  letters  can  be  used  to  write  words. 


so  symbols  can  be  used  to  represent  com- 
pounds. If  the  symbols  of  different  atoms  are 
written  together  so  as  to  indicate  the  number 
of  atoms  in  the  molecule  of  a compound,  the 
result  is  called  a formula  for  the  compound. 
Before  we  can  write  formulas,  however,  we 
must  know  something  about  bonds  that  bind 
atoms  together. 

What  is  Valence?  Some  of  us  may  have 
wondered  why  atoms  combine  to  form  com- 
pounds. And,  once  compounds  are  formed, 
why  do  they  hold  together?  It  is  clear  that 
some  kind  of  “bond”  must  hold  the  atoms  in 
place.  All  atoms  that  form  compounds  have 
bonds.  Do  different  atoms  have  the  same 
number  of  bonds?  The  answer  to  this  ques- 
tion is  “No,”  which  means  that  before  we  can 
write  the  formulas  of  compounds  we  must 
learn  the  number  of  bonds  of  the  common 
atoms. 

The  number  of  bonds  by  which  an  atom 
of  an  element  can  attach  itself  to  atoms  of 
another  element  is  called  the  valence  of  the 
element. 

To  Write  Formulas  of  Compounds.  Let  us 

consider  the  combination  of  a hydrogen  atom 
with  a chlorine  atom  to  form  a molecule  of 
hydrogen  chloride.  A hydrogen  atom  has  one 
bond  and  can  be  written  H— . A chlorine 
atom  also  has  one  bond  and  can  be  written 
—Cl.  When  these  combine,  the  molecule  can 
be  written  as  H— Cl,  or  just  HCh 
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Let  us  consider  the  combination  of  hydro- 
gen and  oxygen  atoms  to  form  water.  The 
valence  of  the  oxygen  atom  is  2;  in  other 
words,  it  has  two  bonds,  and  can  be  written 
0=  or  — O— . It  therefore  follows  that  two 
hydrogen  atoms  are  needed  to  combine  with 
one  atom  of  oxygen.  Hence  the  formula  for 
water  is  H— O— H,  or  HOH,  or,  better  still 
tLO. 

Let  us  now  derive  the  formula  for  copper 
oxide,  'riie  valence  of  copper  is  two  so  that 
it  can  be  written  as  Cu=.  Thus  the  formula 
for  the  oxide  is  Cu=0,  or  CuO.  Notice  that 
while  we  need  the  valence  bonds  to  derive  a 
formula,  the  bonds  are  not  written  in  the 
formula  itself.  Notice  also  that  there  are  no 
free  bonds  in  a compound.  Free  bonds  would 
mean  that  the  substance  is  active  and  un- 
stable—it  would  instantly  combine  with  some- 
thing to  tie  up  the  free  bond.  Hence  we 
conclude  that  the  formulas  for  the  following 
compounds  are 

Hydrogen  Chloride  HCl 

Water  HgO 

Copper  Oxide  CuO 

The  Table  of  Valences.  What  are  the  for- 
mulas for  sodium  oxide  and  aluminum  sul- 
fide? Before  we  can  write  the  formulas  we 
must  know  the  valences  of  the  elements. 
Sodium  has  a valence  of  one,  and  aluminum 
a valence  of  three.  Some  elements  have  a 
valence  of  four  and  others  of  five.  It  is  con- 
venient to  tabulate  them  according  to  valence. — 
An  element  with  a valence  of  one  is  a mono- 
valent element;  an  element  with  a valence  of 
two  is  divalent.  If  its  valence  is  three  it  is 
trivalent;  if  four,  tetravalent;  if  five,  penta- 
valent. 

A list  of  the  valences  of  some  of  the  com- 
mon elements  is  as  follows: 


Valence 
One  ( mono- 


Hydrogen  (H),  Chlorine  (Cl), 
Bromine  (Br),  Potassium  (K), 
Sodium  (Na),  Silver  (Ag). 


Two  (di-)  Oxygen  (O),  Sulfur  (S), 

Copper  (Cu),  Lead  (Pb), 
Magnesium  (Mg),  Iron  (Fe,) 
Zinc  (Zn),  Mercury  (Hg), 
Calcium  ( Ca ) , Manganese 
(Mn),  Tin  (Sn) . 

Three  (tri-)  Aluminum  (Al),  Nitrogen 

(N). 

Four  (tetra-)  Carbon  (C),  Silicon  (Si). 

Five  (penta-)  Phosphorus  (P). 

Formulas  of  Binary  Compounds.  Binary 
compounds  are  made  up  of  two  elements.  All 
their  names  end  in  -ide.  For  example,  a 
chloride  contains  chlorine  and  another  ele- 
ment; sulfide  contains  sulfur  and  another 
element;  a nitride  contains  nitrogen  and  an- 
other element. 

The  Formula  for  Sodium  Oxide.  Sodium 
has  a valence  of  one,  Na— , and  oxygen  a 
valence  of  two,  — O— . Therefore,  the  for- 
mula is  Na— O— Na,  or  NaoO. 

The  Formula  for  Aluminum  Sulfide.  The 
valences  are  Al=  and  S=.  The  smallest  num- 
ber of  bonds  needed  to  bind  these  elements 
together  is  six.  This  means  2 atoms  of  alu- 
minum and  3 atoms  of  sulfur  are  needed. 
Or,  AI2S3. 

Another  way  of  writing  the  formula  would 
be  to  put  in  the  bonds.  Thus 

Al  = S 
A1  = S 

Notice  again  that  there  are  no  free  bonds 
in  a stable  compound. 

The  Formula  for  Calcium  Nitride.  The  va- 
lence bonds  are  Ca=,  and  N=.  Ca=N  is 

/ 

clearly  not  a stable  compound.  Why  not? 
Three  atoms  of  calcium  have  six  bonds,  and 
two  atoms  of  nitrogen  also  have  six  bonds. 
Therefore,  the  formula  is  Ca^N,. 
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Other  formulas  are 

Ferrous  oxide 

FeO 

Zinc  bromide 

ZnBr. 

Silver  sulfide 

AgsS 

QUESTIONS 

1.  Write  formulas  for:  {a)  potassium  oxide; 
(b)  manganese  ehloride;  (c)  sodium  sul- 
fide; (d)  lead  bromide;  (e)  eopper  nitride. 

2.  Write  formulas  for:  {a)  phosphorus  oxide; 
{b)  tin  ehloride;  (c)  silver  nitride;  (d)  mer- 
eury  oxide;  (e)  ealeium  oxide. 

3.  Write  formulas  for:  (a)  ferrous  oxide;  {b) 
tin  nitride;  (c)  earbon  chloride;  (d)  cal- 
cium chloride;  (e)  aluminum  bromide. 

Valences  of  Rodicals.  In  the  previous  ehap- 
ter  we  referred  to  aeids  sueh  as  siilfurie  and 
nitric  acids,  and  on  page  260,  to  carbonic  acid. 
All  these  acids  contain  hydrogen  and  the  other 
parts  of  their  molecules  are  radicals.  What 
are  radicals?  A radical  is  a group  of  elements 
in  a compound  which  is  not  usually  decom- 
posed in  a chemical  reaction.  Sulfuric  acid 
contains  a sulfate  radical,  SO4;  nitric  acid  con- 
tains a nitrate  radical,  NO3;  carbonic  acid 
contains  a carbonate  radical,  CO3.  Radicals 
cannot  exist  by  themselves.  They  have  free 
bonds  that  make  them  very  active.  In  the 
above  acids,  for  example,  all  the  radicals  are 
attached  to  hydrogen. 

The  sulfate  radical  has  two  free  bonds, 
/ SO4,  or  as  we  usually  say,  its  valence  is  two. 
The  sulfate  radical  can  therefore  attach  itself 
to  two  hydrogen  atoms  in  forming  sulfuric 
acid.  The  formula  for  this  acid  is 

H 


or,  H2SO4. 

A nitrate  radical  has  a valence  of  one  so 
that  the  formula  for  nitric  acid  is  HNO3. 
The  carbonate  radical  has  a valence  of  two  so 
that  the  formula  for  carbonic  acid  is  H2CO3. 

When  zinc  reacts  with  sulfuric  acid,  as 
described  on  page  472,  the  two  hydrogen 


atoms  are  replaced  by  a zinc  atom  to  form  a 
molecule  of  zinc  sulfate,  Zn=S04,  or  ZnS04. 

At  this  point  one  might  ask.  Why  is  the 
acid  called  sulfuric  acid?  And  why  is  the  salt 
called  zinc  sulfate? 

Naming  Acids  and  Salts.  An  acid  that  con- 
tains two  elements  is  called  a binary  acid;  one 
that  contains  three  elements  is  called  a ter- 
nary acid. 

The  name  of  a binary  acid  includes  the 
names  of  both  elements  in  the  acid  and  ends 
in  -ic.  For  example.  Hydrochloric  acid  (HCl) 
contains  hydrogen  and  chlorine;  Hydrobromic 
acid  (HBr)  contains  hydrogen  and  bromine; 
Hydrosulfuric  acid  (HoS)  contains  hydrogen 
and  sulfur. 

The  names  of  salts  of  binary  acids  end  in 
-ide.  For  example,  ^ 

Acid  Salt 

HCl  Sodium  chloride  (NaCl) 

HBr  Sodium  bromide  (NaBr) 

H2S  Sodium  sulfide  (NagS) 

Ternary  Acids.  Ternary  acids  are  named 
after  the  element,  other  than  hydrogen  or 
oxygen,  which  they  contain.  Their  names 
usually  end  in  -ic,  the  same  as  binary  acids. 
A few  examples  of  common  ternary  acids  are 


Sulfuric  acid 

H2SO4 

Phosphoric  acid 

H3PO4 

Carbonic  acid 

H2CO3 

Nitric  acid 

HNO3 

The  names  of  the  salts  of  ternary  -ic  acids, 
end  in  -ate.  For  example, 

Acid  Salt 

H2SO4  Sodium  sulfate  (Na2S04 

H3PO4  Sodium  phosphate  (Na3P04) 

H2CO3  Sodium  carbonate  (Na2C03) 

HNO3  Sodium  nitrate  (NaNOj) 

From  the  above  examples,  it  is  clear  that 
the  valence  of  the  nitrate  radical  is  one,  the 
valence  of  the  carbonate  radical  is  two,  and  of 
the  phosphate  radical  three.  The  valences  of 
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some  of  the  common  radicals  arc  summarized 
below.  They  should  be  memorized. 


Radical 

Formula 

Valence 

Phosphate 

PO4 

3 

Sulfate 

SO4 

2 

Carbonate 

CO3 

2 

Nitrate 

NOg 

1 

I lydroxide 

OH 

1 

Ammonium 

NH4 

1 

The  list  of  compounds  can  now  be  ex- 
tended by  combining  any  metal  (or  the  am- 
monium radical  which  acts  like  a metal)  with 
any  one  of  the  radicals. 

Formula  for  Lead  Nitrate.  The  valence  of 
lead  is  two  (Pb=),  and  that  of  the  nitrate 
radical  is  one  (— NOg).  Therefore,  two  nitrate 
radicals  are  needed  per  molecule  and  the  for- 
mula is  Pb(N03)2. 

Notice  that  if  there  is  more  than  one 
radical  in  the  molecule  it  must  be  enclosed 
in  brackets.  The  subscript  2 indicates  the 
number  of  radicals  in  the  molecule. 

Formula  for  Ammonium  Carbonate.  The 

valence  of  the  ammonium  radical  is  one,  and 
that  of  the  carbonate  radical  is  two.  There- 
fore two  ammonium  radicals  are  needed  and 
the  formula  is  (NH4)2C03. 

Formula  for  Magnesium  Phosphate.  The 

valence  of  magnesium  is  two,  and  that  of  the 
phosphate  radical  is  three.  Hence  six  bonds 
are  necessary  to  link  them  together.  There- 
fore three  atoms  of  magnesium  and  two 
phosphate  radicals  are  . required.  Therefore 
the  formula  is  Mg3(P04)2. 

The  following  are  additional  examples 
which  include  radicals: 

Silver  sulfate  Ag2S04 

Calcium  hydroxide  Ca  ( OH ) 2 
Tin  nitrate  Sn(N03)2 

Sodium  phosphate  Na3P04 
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Formulas  for  Gas  Molecules  that  are  Ele- 
ments. A number  of  elements  are  gases  at 
ordinary  temperatures.  Examples  of  such  ele- 
ments are  hydrogen,  oxygen,  nitrogen,  chlo- 
rine. In  all  such  cases,  a molecule  consists  of 
2 atoms. 

Thus  the  symbol  for  oxygen  is  O,  but  the 
formula  of  an  oxygen  molecule  is  Og.  Notice 
the  subscript  2 indicates  the  number  of  atoms 
per  molecule. 

The  number  of  molecules  is  always  placed 
in  front  of  the  symbol.  Thus  IO2  means  7 
molecules  of  oxygen,  and  7H2SO4  means  7 
molecules  of  sulfuric  acid. 

QUESTIONS 

1,  [a)  How  many  oxygen  atoms  are  there  in 

the  moleeule  Ah  (804)3? 

[h)  What  is  the  total  number  of  atoms  in 
this  moleeule? 

2.  Fill  in  the  blanks  with  the  proper  formula 
as  shown  in  the  first  row.  The  valenee  is 
plaeed  above  eaeh  atom  or  radieal. 


1 

OH 

2 

CO3 

3 

PO4 

2 

SO4 

1 

NO3 

1 

K 

KOH 

K2CO3 

K3PO4 

K2SO4 

KNO3 

1 

H 

2 

Mg 

' 

:> 

A1 

3.  Write  formulas  for:  (a)  ealeium  nitrate; 
(b)  ammonium  sulfate;  (c)  ammonium  sul- 
fide; (d)  sodium  nitrate;  (e)  sodium  nitride. 

4.  Write  formulas  for:  (a)  ammonium  hy- 
droxide; {b)  ferrous  hydroxide;  (c)  manga- 
nese nitrate;  (d)  aluminum  nitrate;  (e) 
mereury  phosphate. 

5.  Write  formulas  for:  {a)  zine  nitride;  (b) 
zine  hydroxide;  (c)  lead  earbonate;  (d)  lead 
carbide;  (e)  tin  bromide. 
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6.  Write  formulas  for:  {a)  hydrogen  oxide; 

(b)  aluminum  carbonate;  (c)  magnesium 
nitrate;  (d)  sodium  hydroxide;  (c)  silver 
chloride. 

7.  Write  the  formulas  for:  (a)  ten  molecules 
of  hydrogen;  (b)  two  molecules  of  chlorine; 

(c)  five  molecules  of  sodium  phosphate; 

(d)  three  molecules  of  nitrogen;  (e)  two 
hundred  molecules  of  copper  sulfate. 

8.  State  the  total  number  of  atoms  in  10  mole- 
cules of  calcium  phosphate. 

What  are  Equations?  A symbolized  equa- 
tion gives  a picture  of  a chemical  reaction  in 
concise  form.  The  formulas  on  the  left  hand 
side  show  the  substances  at  the  beginning  of  a 
reaction,  or  the  reactants;  the  formulas  on  the 
right  hand  side  show  the  substances  formed 
by  the  reaction,  or  the  products.  Reactants 
and  products  are  usually  connected  by  an 
arrow  (-^). 

An  equation  is  said  to  be  balanced  when 
there  are  the  same  number  and  kind  of  atoms 
on  either  side.  This  is  in  accordance  with 
the  Law  of  Conservation  of  Mass.  That  is, 
since  nothing  is  created  or  destroyed  in  a 
chemical  change,  the  total  number  of  atoms 
and  their  total  weight  must  remain  un- 
changed. 

Consider  the  reaction, 

zinc  + sulfuric  acid  zinc  sulfate  + hydrogen 
The  symbolized  equation  for  this  reaction  is 

Zn  + H2SO4  — > ZnS04  + 

When  expressed  in  this  form  it  is  clear 
that  the  zinc  has  replaced  the  hydrogen  of 
the  acid. 

To  Balance  Equations.  Equations  are  often 
more  complicated  than  the  example  above. 
In  order  to  write  a balanced  equation,  four 
conditions  must  be  borne  in  mind: 

(1)  State  the  experimental  fact  accurately. 

(2)  Write  the  reactants  on  the  left  of  the 
arrow  and  the  products  on  the  right 
of  it. 

(3)  Write  the  correct  formulas  of  all  re- 
actants and  products. 


(4)  Balance  the  equation;  that  is,  make 
the  total  number  of  atoms  on  the  left 
of  the  arrow  equal  to  the  total  number 
on  the  right  of  it,  using  the  smallest 
possible  balancing  numbers. 

We  can  illustrate  these  points  by  writing 
the  equation  for  the  burning  of  phosphorus, 
a reaction  in  which  phosphoric  oxide  is 
formed  (See  page  207). 

The  first  step  is  to  state  the  experimental 
facts.  Or, 

P + O^-^P^O^ 

This  “equation”  is  not  balanced  since  there 
are  two  atoms  of  oxygen  on  the  left  hand  side, 
and  five  atoms  of  oxygen  on  the  right.  To 
convert  groups  of  two  into  groups  of  five,  re- 
quires 10  atoms  of  oxygen.  Ten  oxygen 
atoms  form  five  molecules  of  oxygen.  Ten 
oxygen  atoms  also  supply  the  oxygen  content 
of  two  molecules  of  phosphoric  oxide. 

Therefore  the  next  step  is  to  write 

P T 5O2  — ^ 2P2O5 

The  oxygen  atoms  are  now  balanced  but 
not  the  phosphorus  atoms.  There  are  four 
atoms  of  phosphorus  on  the  right  but  only 
one  on  the  left.  Hence  the  number  four  must 
be  placed  before  the  phosphorus  symbol  on 
the  left.  Or, 

4P  + 5O2  2P2O5 

This  is  a balanced  equation. 

We  can  now  write  equations  for  some  of 
the  reactions  referred  to  in  earlier  chapters. 
The  reaction  between  magnesium  and  hydro- 
chloric acid  discussed  on  page  472  is 
Mg-f2HCl-»MgCl2  + H2 

Metals  and  Water.  As  explained  on  page 
473,  calcium  and  sodium  react  with  water 
to  form  hydrogen  and  hydroxides.  Or, 

Ca  + 2H20->Ca(0H)2  + H2 
2Na  + 2H2O  2NaOH  4-  H2 

Hot  magnesium  reacts  with  steam  to  form 
hydrogen  and  magnesium  oxide  (see  page 
474).  Or, 

Mg  + H2O  MgO  4-  H2 
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Equations  of  Other  Reactions.  Burning  of 
Methane.  Methane  (CII4),  a constituent  of 
natural  gas,  burns  to  give  a hot  flame  (see 
page  253).  The  reaction  is 

CH,  + 20,  CO,  + 2U,0 

If  methane  (or  fire-damp)  explodes  in  a 
coal  mine,  carbon  monoxide,  instead  of  car- 
bon dioxide,  is  formed  because  there  is  not 
enough  oxygen  for  complete  oxidation  (see 
page  217).  The  equation  for  this  reaction  is 

2Cn,  + 30,  2CO  + 4H,0 

Preparation  of  Carbon  Dioxide.  Carbon 
dioxide  is  prepared  by  the  reaction  of  hydro- 
chloric acid  upon  marble  or  calcium  carbon- 
ate (see  page  226).  The  equation  for  the 
reaction  is 

CaCOs  + 2HC1  CaCl,  + H,0  + CO, 

Burning  of  Gasoline.  One  of  the  constitu- 
ents of  gasoline  is  C6H14.  It  burns  to  give 
carbon  dioxide  and  water  vapor  (see  page 
218).  The  equation  for  the  reaction  is 

2C,U,,  + 190,  12CO,  + 14H,0 

This  is  a difficult  equation  to  balance. 

QUESTIONS 

1.  Write  word  and  symbolized  equations  to 
show  the  burning  of:  {a)  earbon;  {b)  sulfur. 

2.  Write  balaneed  equations  for  the  following 
reaetions:  (a)  Zine  and  hydroehlorie  acid; 

(b)  Iron  and  sulfuric  acid;  (c)  Hot  alumi- 
num and  steam;  (d)  Potassium  and  water. 

3.  Write  a balanced  equation  for  the  burning — 
of  hydrogen.  Explain  the  meaning  of  all 
the  symbols  and  numbers  in  the  equation. 

4.  Ethane  (CgHg)  is  a constituent  of  natural 
gas.  Write  the  equation  to  show  the  burn- 
ing of  ethane. 

5.  In  the  preparation  of  acetylene,  water  is 
dropped  on  to  calcium  carbide  (see  page 
257).  The  products  are  calcium  hydroxide 
and  acetylene.  Write  a balanced  equation 
for  the  reaction. 

Symbolized  Equations  for  Word  Equations. 

Facility  in  the  use  of  the  valence  table  can 
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be  gained  by  transcribing  word  equations  into 
symbolized  equations.  For  example, 

(1)  silver  sulfate  + ammonium  chloride  -> 
ammonium  sulfate  4-  silver  chloride. 

Expressed  in  symbolized  form  the  equa- 
tion is 

Ag,S04  + 2NH4CI  (NH4),S04  4-  2AgCl 

(2)  calcium  chloride  4-  potassium  phosphate 
calcium  phosphate  4-  potassium  chloride 

becomes 

3CaCl,  4-  2K3PO4  ^ Ca3(P04),  4-  6KC1 

The  Meaning  of  an  Equation.  A balanced 
equation  gives  us  a good  deal  of  valuable  in- 
formation. For  instance  it  shows 

(1)  The  reactants  and  products  of  a re- 
action; 

(2)  The  composition  of  the  molecules 
which  react; 

(3)  The  number  of  each  kind  of  molecule 
taking  part  in  the  reaction. 

On  the  other  hand,  we  must  realize  the 
limitations  of  an  equation.  An  equation  is  no 
assurance  that  the  substances  actually  do  re- 
act. This  we  must  know  from  our  chemical 
experience.  It  is  possible  to  write  a large 
number  of  balanced  equations  for  reactions 
that  do  not  take  place  at  all.  For  example, 

Cu  -f  H2SO4  ->  CUS04  -f  H, 

is  a balanced  equation  and  yet  we  know  by 
referring  to  the  Activity  List  that  copper  does 
not  displace  hydrogen  in  an  acid. 

Then  again  an  equation  does  not  tell  us 
anything  about  the  conditions  that  have  to 
be  imposed  before  the  reaction  will  take  place. 
Do  the  substances  have  to  be  heated?  Do  the 
substances  have  to  be  in  solution?  Is  the 
speed  of  the  reaction  slow  or  rapid?  Ques- 
tions of  this  kind  cannot  be  answered  by 
examining  equations. 

A study  of  a number  of  equations,  how- 
ever, indicates  that  chemical  reactions  can  be 
classified  into  three  main  types.  A glance  at 
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an  equation  shows  immediately  whieh  type 
of  reaction  the  equation  represents. 

Three  Types  of  Chemical  Reactions. 

Chemical  reactions  are  usually  classified  into 
the  following  types: 

(a)  combination,  (b)  replacement, 

(c)  decomposition. 

Combination.  As  the  name  implies,  this 
type  is  a simple  combination  of  substances. 
It  is  illustrated  by  such  reactions  as 

Fe  + S -»  FeS 
S + O2  ^ SO2 

Replacement.  This  type  of  reaction  refers 
to  the  replacement  of  one  substance  by  an- 
other. For  example, 

Zn  + H^SO,  ZnSO,  + 

Mg  + U,0  ->  MgO  + U, 

In  both  these  examples  the  metal  replaces 
hydrogen. 

Decomposition.  This  term  refers  to  the 
decomposition  of  a single  substance.  You 
may  recall  that  Lavoisier  decomposed  mer- 
cury oxide  by  heating  it.  Or, 

2HgO  2IIg  + O, 

This  is  a decomposition  reaction. 


1.  State  three  facts  that  a balanced  equation 

indicates. 

2.  State  three  facts  or  conditions  about  a re- 
action that  an  equation  does  not  indicate. 

3.  Name  the  different  types  of  chemical  re- 
actions and  give  an  example  of  each, 

4.  Write  balanced  equations  for: 

{a)  aluminum  sulfate  -j"  calcium  hydrox- 
ide aluminum  hydroxide  -T  calcium 
sulfate. 

{b)  silver  nitrate  sodium  chloride  — > sil- 

ver chloride  sodium  nitrate. 

(c)  magnesium  chloride  + phosphoric  acid 

magnesium  phosphate  -j-  hydro- 
chloric acid. 

( d ) ferrous  chloride  -|-  sodium  hydroxide—^ 
ferrous  hydroxide  + sodium  chloride. 

(e)  tin  -|-  oxygen  — > tin  oxide. 

5.  Write  balanced  equations  for; 

(a)  sodium  carbonate  copper  sulfate  — > 
sodium  sulfate  copper  carbonate. 

(b)  ammonium  phosphate  calcium  chlo- 
ride ammonium  chloride  -|-  calcium 
phosphate. 

(c)  aluminum  nitrate  potassium  hy- 
droxide — » aluminum  hydroxide  -j-  po- 
tassium nitrate. 

(d)  manganese  sulfate  ammonium  hy- 
droxide manganese  hydroxide  -F 
ammonium  sulfate. 

{e)  mercury  sulfate  + lead  nitrate  mer- 
cury nitrate  + lead  sulfate. 


THINGS  TO 

A symbol  is  a letter,  or  a combination  of  two 
letters,  that  stands  for  an  element. 

A formula  is  a group  of  symbols  that  rep- 
resents a compound. 

The  valence  of  an  element  is  the  number  of 
bonds  by  which  the  element  can  attach  itself  to 
other  elements. 

A binary  compound  is  made  up  of  two  ele- 
ments. 

The  names  of  binary  compounds  end  in  -ide. 

A radical  is  a group  of  elements  in  a com- 

PROJ 

Refer  to  a book  on  historical  chemistry  and 
write  out  a list  of  chemical  symbols  used  by  John 


REMEMBER  

pound  that  is  not  usually  decomposed  in  a 
chemical  reaction. 

A ternary  acid  contains  three  elements. 

The  names  of  the  salts  of  ternary  -ic  acids  end 
in  -ate. 

An  equation  is  balanced  when  the  total  num- 
ber of  atoms  representing  the  reactants  equals 
the  total  number  of  atoms  representing  the 
products. 

The  three  types  of  chemical  reactions  are  {a) 
combination,  (h)  replacement  (c)  decomposi- 
tion. 

ECT 

Dalton.  Dalton’s  symbols  were  unsatisfactory  and 
were  not  accepted  by  chemists.  Explain  why. 
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Chapter 


In  Chapter  3 it  was  stated  that  atoms  are 
electrical  in  nature— they  consist  of  a posi- 
ti\'ely  charged  nucleus  with  enough  electrons 
outside  the  nucleus  to  make  the  atom  elec- 
trically neutral.  Let  us  consider  what  happens 
when  atoms  combine  to  form  molecules  or 
crystals.  Why  does  a crystal  of  sodium  chlo- 
ride stay  together?  What  is  the  nature  of 
the  bond  that  holds  the  sodium  and  chlorine 
atoms  in  place?  It  is  clear  that  if  the  chlo- 
rine atoms  were  negatively  charged  and  the 
sodium  atoms  positively  charged  they  would 
be  bound  together  by  an  electrostatic  force 
of  attraction.  How  can  atoms  become  elec- 
trically charged? 

You  may  recall  that  an  object  becomes 
negatively  charged  if  it  gains  electrons,  and 
it  becomes  positively  charged  if  it  loses  elec- 
trons (see  page  23).  The  same  is  true  of 
atoms.  An  atom  that  loses  an  (^electron  be- 
comes positively  charged;  an  atom  that  gains 
an  electron  becomes  negatively  charged. 
When  atoms  gain  or  lose  electrons,  they  are 
changed  to  ions.  In  other  words,  an  ion  is 
an  atom  that  has  an  excess  of,  or  a shortage  of, 
one  or  more  electrons. 

Why  do  Molecules  hold  together?  If  a 

sodium  atom  loses  an  electron  (symbol,  e) 
it  becomes  a sodium  ion  with  a positive 
charge.  If  a chlorine  atom  gains  an  electron, 
it  becomes  a chloride  ion  with  a negative 
charge.  These  changes  can  be  expressed  in 
symbols  as  follows, 


Na 

- e Na- 

Sodium  atom 

Sodium  ion 

Cl 

+ e CL 

Chlorine  atom 

Chloride  ion 

The  loss  and  gain  of  electrons  is  what 
causes  chemical  changes  to  take  place. 

If  a small  piece  of  metallic  sodium  is 
dropped  into  a bottle  of  chlorine  a chemical 
change  takes  place  and  sodium  chloride  is 
formed.  Or, 

2Na  + C\,  ->  2NaCl 

This  reaction  takes  place  because  every 
sodium  atom  gives  up  one  of  its  electrons  tc 


Fig.  55-1.  Ions  in  crystalline  sodium  chloride. 

a chlorine  atom.  The  sodium  and  chloride 
ions,  formed  in  this  way,  are  oppositely 
charged  and  therefore  attract  each  other.  It 
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is  the  electrostatic  force  of  attraction  that 
holds  molecules  or  crystals  together.  In  other 
words,  a crystal  of  sodium  chloride  does  not 
contain  any  atoms  at  all,  but  only  ions.  Fig. 
55-1  shows  how  these  ions  are  arranged  into 
a pattern  or  lattice.  Notice  that  every  sodium 
ion  is  surrounded  by  chloride  ions,  and  every 
chloride  ion  is  surrounded  by  sodium  ions. 
Now  do  you  understand  why  a grain  or  a 
crystal  of  sodium  chloride  remains  intact? 

Whaf  does  the  term  Valence  mean?  Let  us 

return  to  the  reaction  between  sodium  and 
chlorine. 

Na  — e Na+ 

Cl  + e Cl- 

Since  the  sodium  ion  is  positively  charged, 
it  is  said  to  have  a positive  valence;  since  the 
chloride  ion  is  negatively  charged,  it  is  said 
to  have  a negative  valence.  Moreover,  the 
valence  of  an  ion  is  equal  to  its  charge.  There- 
fore the  valence  of  Na+  is  +1,  and  the  va- 
lence of  CL  is  —1. 

Let  us  now  consider  a molecule  of  sodium 
sulfide,  NaaS.  Here  each  sodium  atom  loses 
an  electron,  and  the  sulfur  atom  gains  two 
electrons  to  form  the  sulfide  ion,  S=.  Or, 

2Na  - 2e  ->  2Na- 
S + 2e  ^ or 

The  valence  of  the  sulfide  ion  is  —2. 

Or,  again,  a molecule  of  copper  chloride, 
CuClg,  is  formed  by  the  gain  of  an  electron 
by  each  of  two  chlorine  atoms,  and  the  loss 
of  two  electrons  by  a copper  atom.  Or, 

Cii  — 2e  ->  Cu++  or  Cu^^ 

2C1  + 2e  2C1- 

Therefore,  the  valence  of  the  copper  ion  is 

+2. 

Actually  we  can  say  that  the  valences  of 
atoms  are  the  same  as  the  valences  of  their 
ions.  Or, 

valence  of  Na  is  -f-  1 valence  of  Cl  is  — 1 
valence  of  Cu  is  -f  2 valence  of  S is  — 2 


Notice  that  this  concept  of  valence  is  some- 
what different  from  that  given  in  Chapter 
54.  As  soon  as  we  consider  gain  or  loss  of 
electrons,  valences  become  positive  or  nega- 
tive. The  valence  numbers  are  the  same  as 
those  given  in  the  table  on  page  477.  But 
metals  usually  have  a positive  valence,  and 
non-metals  usually  have  a negative  valence. 

Why  does  a Salt  Solution  conduct  a Cur- 
rent? Let  us  return  to  sodium  chloride  and 
make  further  investigations  concerning  its 
ionic  properties.  The  passage  of  an  electric 
current  will  give  some  useful  information. 

Demonstration  55-1.  To  Show  that  a Current  Flows 
Through  a Salt  Solution. 

Arrange  the  apparatus  as  shown  in  Fig.  55-2. 
Plaee  some  powdered  sodium  ehloride  in  the 
beaker  and  dip  the  two  short  stout  eopper  wires 
into  it.  The  eopper  wires  are  the  terminals  of 
a circuit  with  a 25-watt  bulb  and  a switch  in 


Fig.  55-2.  Apparatus  to  show  conductivity  of 
solutions. 

series.  The  town  current  supplied  at  about  110 
volts  (alternating  or  direct)  is  satisfactory  for 
this  purpose. 

Fit  the  plug  into  the  socket  and  close  the 
switch.  The  bulb  does  not  glow  so  that  no  cur- 
rent flows. 

Now  pour  water  into  the  beaker.  Instantly 
the  bulb  lights  up. 

The  two  questions  that  now  come  to  mind 
are,  Why  does  the  current  flow?  Why  does 
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water  make  the  salt  a conductor?  Tire  water 
molecules  attract  the  sodium  and  chloride 
ions  more  strongly  than  they  attract  each 
other.  As  a result,  the  ionic  lattice  breaks 
down  and  the  ions  are  able  to  move  about 
freely.  The  ions  are  attracted  to  the  copper 
terminals  and,  by  doing  so,  they  conduct  the 
current.  In  other  words,  the  conductivity  of 
a solution  is  due  to  the  movement  of  its  ions. 
It  follows  that  if  a solution  conducts  a cur- 
rent, there  must  be  ions  in  the  solution. 

Demonstration  55—2.  Do  all  Solutions  Conduct  Electricity? 

' Prepare  solutions  of  potassium  nitrate,  sodium 
' hydroxide,  hydrochloric  acid,  sugar,  and  alcohol. 
Pour  each  solution  in  turn  into  the  beaker  and 
test  it  for  conductivity.  The  bulb  lights  up 
brightly  when  solutions  of  acid,  base,  and  salt 
are  in  the  beaker,  but  not  at  all  with  the  sugar 
and  alcohol  solutions. 

The  important  conclusion  to  be  drawn 
from  this  experiment  is  that  solutions  of 
acids,  bases  and  salts  conduct  a current 
whereas  solutions  of  other  substances  do  not. 
This  difference  enables  us  to  divide  chemical 
compounds  into  two  classes,  electrolytes  and 
- non-electrolytes.  Electrolytes  are  substances 
whose  solutions  conduct  electricity;  all  other 
I substances  are  non-electrolytes.  Acids,  bases 
j and  salts  are  electrolytes. 

I The  Theory  of  Ionization.  The  first  man  to 
investigate  the  conductivity  of  electrolytes  was 
a Swedish  chemist  named  Arrhenius.  He 
argued  that  if  solutions  conduct  electricity 
their  molecules  must  be  decomposed  into 
electrically  charged  particles.  These  charged 
I particles  he  called  ions,  a Greek  word  mean- 
ing going.  This  is  a descriptive  word  because 
Arrhenius  believed  that  these  charged  parti- 
i eles  actually  moved  when  the  current  flowed, 
the  positively  charged  particles  moving  in 
one  direction  and  the  negatively  charged  ones 
I in  the  opposite  direction. 

I Arrhenius  summarized  his  views  in  three 


statements  which  were  known  as  the  Ioniza- 
tion Theory  and  were  first  published  in  1887: 

1.  Molecules  of  electrolytes  dissociate  in 
water  solution  to  form  electrically 
charged  particles  or  ions. 

2.  Both  positive  and  negative  ions  are 
formed  by  this  dissociation. 

3.  The  total  number  of  positive  charges 
equals  the  total  number  of  negative 
charges. 

The  Theory  of  Ionization  opened  up  an 
entirely  new  chemical  field  and  it  has  been 
responsible  for  some  startling  advances  in 
atomic  studies  during  the  past  fifty  years. 


Courtesy  The  Edgar  Fahs  Soiith 
Memorial  Collection 


Fig.  55-3.  Svante  Arrhenius  (1859-1927). 

The  lonizaf'ion  of  Acids.  Arrhenius  stated 
that  acids  are  ionized  by  adding  water  to 
them.  Moreover,  he  said,  the  greater  the 
amount  of  water  added,  the  greater  is  the 
extent  of  ionization.  Thus,  pure  liquid  hy- 
drogen chloride  does  not  conduct  a current. 
Therefore  it  contains  no  ions.  If  water  is 
added,  hydrochloric  acid  is  formed  which 
conducts  a current.  Therefore  hydrochloric 
acid  contains  ions.  This  change  can  be  shown 
as 


HCl  + Cl- 
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Notice  that  he  represented  the  change  as 
a reversible  reaction  between  molecules  and 
ions.  The  oppositely  charged  ions  combine  to 
form  molecules,  and  the  molecules  dissociate 
into  ions.  In  other  words,  hydrochloric  acid 
is  a mixture  of  hydrochloric  acid  molecules, 
hydrogen  ions,  and  ehloride  ions. 

Similarly,  dilute  sulfuric  acid  contains  hy- 
drogen ions  and  sulfate  ions.  Or, 

USO,  ^ 2H"  + SO  = 

Dilute  nitric  acid  contains  hydrogen  ions 
and  nitrate  ions.  Or, 

HNO3  ^ + NO3- 

And  acetic  acid  contains  hydrogen  ions  and 
acetate  ions.  Or, 

CH3COOH  ^ H"  + CH3COO- 

It  is  clear  from  the  above  reactions  that  all 
acids  contain  hydrogen  ions.  Indeed,  acids 
can  be  defined  as  substances  which  react  with 
water  to  form  hydrogen  ions.  This  definition 
is  preferable  to  that  given  on  page  472. 

Properties  Common  to  All  Acids.  Aqueous 
solutions  of  all  acids  have  certain  properties 
in  common.  These  common  “acid”  proper- 
ties, which  are  listed  below,  must  therefore 
also  be  properties  of  hydrogen  ions. 

1.  Acids  have  a sour  taste. 

We  are  familiar  with  the  sour  taste  of 
lemon  juice,  which  contains  citric  acid, 
and  the  sour  taste  of  vinegar,  which 
contains  acetic  acid. 

2.  Acids  turn  blue  litmus  paper  red. 

3.  Acids  react  with  active  metals  to  give 
hydrogen. 

We  have  already  discussed  a number  of 
reactions  of  this  type  in  the  previous 
chapter.  Let  us  again  consider  the  re- 
action between  zinc  and  dilute  sulfuric 
acid, 

Zn  + H3SO4  ^ ZnSO,  + H3 
As  an  ionic  equation  the  reaction  can 
be  written, 

Zn  + 2H+  + SO  = Zn+-  + SO^  + H, 


In  this  form  the  equation  shows  that  the 
reaction  takes  place  between  zine  metal  and 
hydrogen  ions.  The  sulfate  ions  take  no  part 
in  the  reaction  and  can  therefore  be  omitted 
from  the  equation.  Or, 

Zn  + 2H+  Zn++  + 

We  now  know  that  the  reaction  is  due  to 
an  exchange  of  electrons,  the  zinc  atom  los- 
ing two  electrons,  and  the  two  hydrogen  ions 
gaining  two  electrons.  Or, 

Zn  — 2e  ->  Zn++ 

Strong  and  Weak  Acids.  Some  aeids  eon- 
duct  a current  more  easily  than  others.  This 
is  because  some  acids  contain  a greater  per- 
centage of  hydrogen  ions  than  others.  We 
usually  express  this  by  saying  that  some  acids 
are  strong  and  others  are  weak.  A strong  acid 
is  highly  ionized;  a weak  acid  is  not  highly 
ionized.  Hydroehlorie,  sulfurie,  and  nitric 
acids  are  strong;  acetic  and  carbonic  acids  are 
weak.  A comparison  of  the  strength  of  acids 
can  easily  be  shown  by  a conductivity  ex- 
periment. 

Demonstration  55-3.  Strong  Acids  are  Good  Conductors; 
Weak  Acids  are  Poor  Conductors. 

Rig  up  the  conductivity  apparatus  and  com- 
pare the  brightness  of  the  light  when  the  copper 
terminals  are  dipped  into  dilute  sulfuric  acid 
and  dilute  acetic  acid.  The  light  is  much  brighter 
in  the  case  of  sulfuric  acid. 

The  brightness  of  the  light  is  a measure  of 
the  amount  of  current  flowing  through  the 
lamp.  And  this  is  in  turn  determined  by  the 
number  of  ions  in  solution.  We  therefore 
conclude  that  sulfuric  acid  is  more  highly 
ionized  than  acetic  acid. 

The  Chemical  AcHyity  of  Acids.  The  chem- 
ical activity  of  acids  depends  upon  the  eon- 
centration  of  the  hydrogen  ions— the  higher 
the  concentration,  the  greater  the  aetivity. 
We  could  therefore  predict  that  a more 
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vigorous  reaction  takes  place  between  zinc 
and  hydrochloric  acid  than  between  zinc  and 
acetic  acid.  This  prediction  can  be  confirmed 
by  experiment. 

Demonstration  55-4.  To  Show  that  Zinc  Reacts  More 
Readily  with  Dilute  Hydrochloric  Acid  than  Dilute  Acetic 
Acid. 

Place  a piece  of  zinc  in  each  of  two  test  tubes. 
Pour  10  cc  of  dilute  acetic  acid  into  one  test 
tube  and  10  cc  of  dilute  hydrochloric  acid  into 
the  other.  Notice  that  hydrogen  is  evolved  slowly 
in  one  case  and  rapidly  in  the  other.  How  can 
you  explain  this  difference  in  activity? 

' The  Ionization  of  Boses.  Arrhenius  stated 
' that  sodium  hydroxide  ionizes  in  aqueous 
solution  to  give  sodium  and  hydroxide  ions 
■ (OH-).  Or, 

NaOH  ^ Na"  + OH- 

Similarly,  potassium  hydroxide  and  am- 
monium hydroxide  also  ionize, 

KOH  ^ K-  + OH- 
NH^OH^NH:  +OH- 

It  is  obvious  from  the  above  reactions  that 
all  bases  contain  hydroxide  ions.  We  can 
therefore  define  a base  as  a substance  which 
• in  water  solution  forms  hydroxide  ions. 

^ Properties  Common  to  All  Boses.  Aqueous 
solutions  of  all  bases  have  certain  properties 
I in  eommon.  These  are  properties  of  hy- 

1 droxide  ions. 

I 1.  Bases  have  a bitter  taste. 

2.  Bases  turn  red  litmus  paper  blue. 

3.  Bases  react  with  acids  to  form  salts  and 
water. 

The  reaction  with  acids  is  exceedingly  im- 
portant since  it  is  a method  by  which  salts 
_ • can  be  made.  Sinee,  in  this  type  of  reaetion, 

; acids  are  neutralized  by  bases,  the  term  neu- 
tralization is  applied  to  it.  Expressed  as  a 
I word  equation,  a neutralization  reaetion  is 

i aeid  -f  base  salt  + water 
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Neutralization  of  an  acid  by  a base.  Sup- 
pose we  add  just  enough  hydrochloric  acid  to 
sodium  hydroxide  to  neutralize  it.  The  re- 
action is 

HCl  + NaOH  ->  NaCl  + H^O 

The  salt,  sodium  chloride,  is  neither  basic 
nor  acidic— it  is  neutral. 

Written  in  ionic  form  the  reaction  is: 

IT  + CT  + Na"  + OH-  ^ Na"  + CT  + H^O 

There  are  two  things  to  notice  about  this 
reaction.  First,  water  does  not  ionize  to  any 
marked  degree  so  that  ions  are  not  ineluded 
in  the  formula  for  water.  Next,  since  the 


Fig.  55-4.  Burettes  illustrating  neutralization. 

product  contains  neither  hydrogen  nor  hy- 
droxide ions  it  is  neutral. 

We  have  assumed  that  this  reaction  is 
stopped  at  the  right  point.  If  too  much  acid 
is  added,  the  product  will  be  aeidie.  If  too 
much  base  is  added,  the  produet  will  be  basic. 
How  can  we  tell  when  we  have  reaehed  the 
“end  point’?  Or,  in  other  words,  how  cap 
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we  avoid  an  excess  of  acid  or  base?  We  need 
an  “indicator”  for  this  purpose,  and  a con- 
venient indicator  is  litmus. 

Demonstration  55-5.  To  Neutralize  an  Acid  by  a Base. 

Pour  20  cc  of  dilute  hydrochloric  acid  and 
20  cc  of  dilute  sodium  hydroxide  into  a beaker. 
Stir  the  mixture  with  a glass  rod.  Extract  one 
drop  of  the  mixture  on  the  end  of  a glass  rod 
and  touch  a piece  of  red  litmus  paper  with  it. 
Extract  another  drop  but  this  time  touch  a piece 
of  blue  litmus  paper.  The  change  in  color  indi- 
cates whether  the  solution  is  basic  or  acidic.  Let 
us  assume  it  is  basic. 

Add  hydrochloric  acid,  a drop  at  a time,  from 
a glass  tube,  until  the  solution  is  neither  acidic 
nor  basic  to  litmus.  The  end  point  has  then  been 
reached. 

Taste  the  solution  and  notice  the  salty  flavor. 

Pour  about  half  the  solution  in  an  evaporating 
dish.  Evaporate  the  solution  to  dryness.  Taste 
the  residue  to  prove  it  is  nothing  but  common 
salt. 

Let  us  again  write  the  ionie  equation  for 
this  reaction, 

H"  + CL  + Na"  + OH-  Na"  + CL  + H^O 

Notice  that  sodium  and  chloride  ions  ap- 
pear on  both  sides  of  the  equations.  We 
therefore  conclude  they  take  no  part  in  the 
reaction  and  can  be  left  out.  The  equation 
then  becomes 

-f  OH-  ->  H^O 

In  other  words,  this  type  of  reaction  is 
really  a combination  of  the  hydrogen  ions  of 
the  acid  with  the  hydroxide  ions  of  the  base 
to  form  water.  And  this  is  true  whatever  the 
acid  or  base. 

Suppose  sulfuric  acid  is  neutralized  by 
potassium  hydroxide.  The  equation  for  the 
reaction  is 

H^SO,  + 2KOH  ->  K^SO,  + IH.O 

The  ionic  equation  is 

2H"  + SOr  + 2K+  + 20H-  -» 

2K+  -f  SO  = + 2U,0 

And  the  simplest  ionic  equation  is 

H-  + OH-  ->  HgO 


Strong  and  Weak  Bases.  As  in  the  case  of 
acids,  some  bases  are  strong  and  others  are 
weak.  Both  sodium  hydroxide  and  potassium 
hydroxide  are  strong  bases.  Ammonium 
hydroxide  is  a weak  base.  It  is  important  to 
recognize  this  difference  and  it  may  be  well 
to  test  it  by  experiment. 

Demonstration  55-6.  To  Show  Sodium  Hydroxide  is  a 
Strong  Base  and  Ammonium  Hydroxide  is  a Weak  Base. 

Dip  the  copper  terminals  of  the  conductivity 
apparatus  first  into  dilute  ammonium  hydroxide 
and  then  into  dilute  sodium  hydroxide.  The 
lamp  glows  much  brighter  when  sodium  hy- 
droxide is  used.  We  therefore  conclude  that 
sodium  hydroxide  is  more  highly  ionized  than 
ammonium  hydroxide. 

ELECTROLYSIS 

In  the  above  conductivity  experiments 
an  alternating  current  has  been  used.  If  a 
direct  current  is  used  instead,  the  ions  travel 
to  the  electrodes  (anode  and  cathode)  where 
a chemical  action  takes  place.  As  a result, 
the  electrolyte  is  decomposed.  The  decom- 
position of  an  electrolyte  by  a current  is 
called  electrolysis. 

Electrolysis  is  an  important  operation  in 
many  chemical  industries.  For  instance,  elec- 
troplating depends  on  electrolysis.  On  page 
449  we  discussed  the  electroplating  of  cop- 
per in  the  refining  process.  Chrome  plating 
on  an  automobile  and  silver  plating  of  cut- 
lery are  also  industrial  applications  of  this 
process.  Let  us  return  to  the  copper  plating 
experiment  and  consider  it  in  the  light  of 
the  ionization  theory. 

Copper  Plating.  The  electrolyte  is  copper 
sulfate  which  ionizes  as  follows, 

CUSO4  ->  Cu++  + S04= 

Figure  50-5  on  page  450  shows  a solution 
of  copper  sulfate  in  a jar.  The  anode  is  made 
of  pure  copper,  and  the  cathode  is  an  article 
to  be  plated.  An  ionic  diagram  of  this  ar- 
rangement is  shown  in  Fig.  55-5. 
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T’lic  anode  is  charged  positi\e  by  the  bat- 
tery and  the  cathode  is  charged  negative,  d’he 
copper  ions  are  therefore  attracted  to  the 
cathode  and  the  sulfate  ions  are  attracted  to 
the  anode.  Why?  It  is  important  to  notice 
that  when  tlic  current  flows,  ions  move  in 
opposite  directions  in  the  electrolyte— posi- 


Fig.  55-5.  Ionic  diagram  for  copper  plating. 


tive  ions  to  the  cathode,  and  negative  ions  to 
the  anode.  What  happens  at  the  electrodes? 

Reaction  at  the  Cathode.  The  cathode  is 
negatively  charged;  that  is,  it  is  supplied  with 


electrons  by  the  battery.  Copper  ions  can 
therefore  pick  up  electrons  from  the  cathode 
and  the  following  reaction  takes  place, 

Cu++  + 2e  Cu 

In  this  reaction,  copper  ions  are  changed 
to  copper  atoms  so  that  metallic  copper  is 
plated  on  the  cathode.  If  this  process  con- 
tinues, the  copper  ions  would  eventually  be 
removed  from  solution,  and  the  action 
stopped,  unless  the  ions  can  in  some  way  be 
replenished. 

Reaction  at  the  Anode.  At  the  anode  cop- 
per atoms  lose  electrons  to  form  copper  ions. 
Or, 

Cu  — 2e  Cu++ 

In  this  way  the  solution  is  replenished 
with  copper  ions. 

The  result  of  these  two  reactions  is  that 
copper  is  transferred  from  the  anode  to  the 
cathode.  As  stated  above,  the  cathode  can 
be  a suitable  article  of  any  shape.  When  it 
is  removed  from  the  electrolytic  bath  it  is 
plated  with  an  even  shiny  coat  of  red  copper. 

If  we  wish  to  plate  an  article  with  silver 
the  procedure  is  the  same.  It  would,  how- 
ever, be  necessary  to  use  a silver  salt  as  an 
electrolyte  and  a rod  of  pure  silver  as  the 
anode. 


THINGS  TO  REMEMBER 


An  ion  is  an  atom  that  has  an  excess  of,  or  a 
shortage  of,  electrons. 

If  an  atom  gains  an  electron  it  forms  a nega- 
tively charged  ion;  if  it  loses  an  electron  it  forms 
a positively  charged  ion.  ‘ 

The  valence  of  an  ion  is  equal  to  the  charge 
upon  it. 

Metals  usually  have  a positive  valence;  non- 
metals  a negative  valence. 

Electrolytes  are  substances  whose  solutions 
conduct  electricity. 

AcidSf  bases,  and  salts  arc  electrolytes. 


The  Arrhenius  Theory  of  Ionization  states: 

1.  Molecules  of  electrolytes  dissociate  in  water 
solution  to  form  positive  and  negative  ions. 

2.  The  total  number  of  positive  charges  equals 
the  total  number  of  negative  charges. 

Acids  are  substances  that  react  with  water  to 
form  hydrogen  ions. 

A strong  acid  is  one  that  is  highly  ionized;  a 
weak  acid  is  not. 

Bases  are  substances  that  react  with  water  to 
form  hydroxide  ions. 

Electrolysis  is  the  decomposition  of  an  electro- 
lyte by  an  electric  current. 
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A 

1 . An  atom  becomes  a negatively  charged  ion 
if  it  gains  one  or  more  electrons.  Explain 
why. 

2.  State  the  valences  of  the  following  atoms: 
{a)  hydrogen;  (b)  zinc;  (c)  chlorine;  (d) 
sulfur.  Give  your  reason  for  each  selection. 

3.  Give  an  example  of  a solution  that  conducts 
a current  and  one  that  does  not.  Account 
for  the  conductivity  of  the  selected  solution. 

4.  Name  four  electrolytes. 

5.  State  three  properties  of  hydrogen  ions. 

6.  Name  a strong  acid  and  a strong  base,  also 
a weak  acid  and  a weak  base. 

7.  State  three  properties  of  hydroxide  ions. 

B 

8.  Explain  the  gain  and  loss  of  electrons  when 
the  metal  sodium  combines  with  chlorine 
gas. 


9.  Explain  what  happens  to  the  ions  when  a 
direct  current  causes  the  electrolysis  of  hy- 
drochloric acid. 

10.  ( a)  Write  an  equation  to  show  the  ioniza- 

tion of  dilute  sulfuric  acid. 

(b)  Show  that  the  number  of  positive 
charges  equals  the  number  of  negative 
charges. 

(c)  Does  the  number  of  positive  ions  equal 
the  number  of  negative  ions?  Explain. 

11.  (a)  Write  the  ionic  equation  for  the  re- 

action between  magnesium  and  dilute 
sulfuric  acid. 

(b)  Show  the  electron  transfer  that  takes 
place. 

12.  (a)  Explain  what  is  meant  by  the  term 

neutralization. 

{b)  Write  the  simplest  ionic  equation  for 
a neutralization  reaction. 

1 3.  Explain  the  process  of  copper  plating. 


PROJECT 


Neutralization  of  Barium  Hydroxide  by  Sulfuric 
Acid.  Barium  Hydroxide  solution  reacts  with  di- 
lute sulfuric  acid  according  to  the  equation 

Ba(OH)2  -f  H^SO,  ->  BaSO^  + 2Hfi 

Barium  sulfate  is  insoluble — it  forms  a white 
precipitate.  Therefore  it  does  not  ionize.  An 
ionic  equation  for  this  reaction  is 

Ba++  + 2OH-  -f  2H+  + SO  = ->  BaSO,  + H^O 

Since  no  ions  are  present  at  the  end  point  the 
solution  will  not  conduct  a current.  Therefore 
the  end  point  can  be  indicated  by  two  devices: 

(1)  a chemical  indicator;  (2)  a light  bulb. 

A suitable  indicator  is  phenol  phthalein  dis- 
solved in  alcohol.  This  indicator  is  red  in  alka- 


line solution  and  colorless  in  neutral  or  acid 
solution. 

Pour  about  50  cc  of  barium  hydroxide  into 
a 250  cc  beaker.  Add  2 or  3 drops  of  phenol 
phthalein  and  notice  the  red  color  of  the  indi- 
cator. Place  the  terminals  of  the  conductivity 
apparatus  in  the  barium  hydroxide  solution  and 
notice  that  the  lamp  lights  up. 

Slowly  pour  very  dilute  sulfuric  acid  into  the 
beaker  and  stir  with  a glass  rod.  Notice  the 
formation  of  white  precipitate  and,  at  the  same 
time,  the  red  color  becomes  fainter  and  the  light 
dimmer.  Continue  to  add  sulfuric  acid  very  care- 
fully until  the  red  color  disappears  altogether.  Has 
the  light  also  been  extinguished?  Now  add  4 or 
5 cc  of  sulfuric  acid.  Does  the  light  bulb  again 
glow?  Explain. 


CHEMICAL  INDUSTRIES 


Chapter 


Many  chemical  processes  have  developed 
into  vast  industries  which  determine  the  eco- 
nomic life  of  a nation.  Chemical  industries 
are  really  a combination  of  “farm”  and  fac- 
tory. The  “farm”  supplies  the  raw  materials 
and  the  factory  converts  these  raw  materials 
into  finished  products.  Some  industrial  coun- 
tries—England  and  France  for  example— have 
highly  organized  factories  but  relatively  poor 
“farms.”  As  a result,  these  countries  must 
import  a large  proportion  of  their  raw  ma- 
terials. Other  countries  like  Canada  and  the 
United  States  are  in  a more  favorable  posi- 
tion. Their  “farms”  supply  an  abundance  of 
raw  materials  so  that  they  are  less  dependent 
upon  imports. 

Chemical  industries  are  of  three  main 
types.  First  there  are  those  which  depend 
entirely  upon  nature  for  their  raw  materials. 
Industries  of  this  type  are  the  paper  and 
sugar  industries.  The  chemist  cannot  make 
sugar  or  cellulose  so  he  is  entirely  dependent 
upon  nature. 

In  other  industries  the  chemist  imitates  and 
often  improves  upon  the  products  of  nature. 
These  industries  include  rubber  and  fabrics. 
Rubber  is  a natural  product  but  the  chemist 
can  also  make  it.  In  fabrics,  wool  is  an  ani- 
mal product  and  cotton  a vegetable  product. 
But  the  chemist  can  make  rayon  and  nylon 
and  many  other  fabrics  from  simple  starting 
substances  like  coal  and  oil. 

A third  group  has  no  counterpart  in  na- 
ture. Products  in  this  group  are  entirely  man- 


made. Plastics,  explosives,  and  some  of  the 
new  drugs  belong  in  this  category. 

The  soap  industry  cuts  across  the  bound- 
aries of  this  elassification.  The  industrial 
chemist  needs  animal  fats  or  vegetable  oils 
as  starting  materials.  These  he  treats  with 
sodium  6r  potassium  hydroxide  to  make 
soap. 

This  is  a varied  list  of  industries— too  exten- 
sive to  consider  in  this  book.  We  will,  how- 
ever, make  a selection  from  the  three  groups 
beginning  with  the  manufacture  of  sugar  and 
paper.  " 

SUGAR 

Cane  sugar  is  usually  called  sucrose  by  the 
chemist.  It  is  a carbohydrate  and  its  chemical 
formula  is  CiaHaaOu.  The  natural  sources 
of  sucrose  are  the  sugar  cane  and  the  sugar 
beet.  The  sugar  cane  requires  a subtropical 
climate  and  a high  rainfall.  It  thrives  in  such 
places  as  Puerto  Rico,  Cuba  and  the  Philip- 
pines. 

The  sugar  beet  thrives  in  a temperate  cli- 
mate. It  needs  rain  during  the  spring  and 
summer,  but  a dry  autumn  since  the  beets 
rot  in  wet  ground.  Sugar  beets  contain  about 
18  percent  of  sucrose.  They  are  hard  and 
tough  and  are  not  good  eating. 

In  spite  of  popular  opinion  to  the  contrary, 
the  refined  sugar  from  the  sugar  beet  is  iden- 
tical with  that  from  the  sugar  cane.  Indeed, 
it  is  also  identical  with  the  refined  sugar  from 
the  maple.  The  sugar  from  the  maple,  how- 
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ever,  is  rarely  refined.  If  it  were,  it  would  lose 
its  characteristic  flavor  and,  in  consequence, 
would  lose  its  commercial  value. 

Manufacture  of  Sugar.  The  beets  are  washed 
slieed,  and  shredded.  The  slices  are  then 
stirred  in  hot  water  which  dissolves  the  su- 
crose. The  solution  is  then  filtered  to  remove 
all  solid  particles.  The  next  step  is  the  addi- 
tion of  lime,  Ca(OH)2,  to  precipitate  certain 


Courtesy  Alberta  Government 


Fig.  56-1.  Beet  sugar  plant  of  Canadian  Sugar 
Industries  at  Picture  Butte,  Alberta. 

organic  compounds  which  are  in  the  solution. 
The  solution  is  then  filtered  again,  and,  at 
this  stage,  it  is  usually  bleached  with  sulfur 
dioxide  to  remove  the  yellowish  color.  The 
solution  is  now  ready  to  be  concentrated  by 
evaporation. 

Concentration  in  Vacuum  Pans.  If  the 

solution  were  heated  in  an  open  vessel  the 
sugar  would  scorch  and  char.  To  prevent  this 
the  solution  is  poured  into  a cooking  device 
called  a “vacuum  pan.”  The  pan  is  sealed  and 


some  of  the  air  is  pumped  out  of  it.  This 
reduces  the  pressure  in  the  pan  and,  as  a 
result,  the  boiling  point  of  the  solution  is 
reduced.  Actually,  the  sugar  solution  or  syrup 
boils  at  about  70°  C.,  a temperature  at  which 
sugar  does  not  char. 

The  solution  is  heated  by  steam,  evapora- 
tion takes  place,  and  eventually  crystals  begin 
to  separate.  The  syrup  is  then  ready  for  the 
next  operation  in  a centrifuge. 

The  Centrifuge.  A centrifuge  is  a wire  basket 
into  which  the  slurry  of  crystals  and  liquor  is 
placed.  It  is  whirled  rapidly  by  a motor  and 
the  liquor,  called  molasses,  is  forced  out  and 
caught  in  an  outer  container.  The  sugar 
erystals,  which  are  retained  in  the  basket,  are 
washed  free  of  molasses  by  a spray  of  water. 
The  crystals  are  then  transferred  to  a screen 
and  dried  by  a current  of  hot  air. 

Molasses  is  a mixture  of  sugars  called  dex- 
trose and  fructose.  It  will  not  crystallize  like 
sucrose.  Molasses  is  used  as  a sweetening 
syrup.  Some  is  fermented  to  form  alcohol, 
and  some  is  mixed  with  the  beet  pulp  and 
used  as  cattle  feed. 

PAPER 

Wood  contains  about  50  percent  of  cellu- 
lose (CgHioO.,)  which  is  used  in  paper  mak- 
ing. The  manufacture  of  paper  from  wood  is 
essentially  a process  of  separating  the  cellu- 
lose fibers  from  other  substances  such  as 
lignin  and  resins,  present  in  the  wood,  and 
pressing  these  fibers  together  into  paper. 
Paper  can  be  made  in  at  least  four  ways,  but 
we  will  consider  only  the  so-called  mechanical 
and  chemical  processes.  In  either  of  these 
processes,  the  wood  is  aged  for  two  or  three 
years  after  the  trees  are  cut  down.  The  bark 
is  then  stripped  off  and  the  wood  is  ground  to 
fine  shreds.  This  is  mixed  with  water  to  form 
wood  pulp. 

The  Mechanical  Process.  This  process  sim- 
ply uses  the  shredded  wood.  The  pulp  is 
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poured  oil  to  the  sereen  of  a paper  iiiaehine 
where  it  is  dried  and  forms  a web  of  paper. 
'I'his  is  the  eheapest  form  of  paper  and  has 
little  strength.  It  is  used  for  newspapers.  This 
paper  eoiitains  objeetionable  lignin  and  resins 
and  it  slo\\'ly  turns  yellowish-brown  when  ex- 
posed to  air. 

The  Chemical  Process.  'Hie  ehemieal  proe- 


Tlie  pulp  from  deeidnons  trees  is  eooked 
with  eanstie  soda  sinee  this  eomponnd  will 
best  remove  the  gums  and  resins  in  this  type 
of  wood.  This  is  ealled  the  soda  process.  The 
pulp  from  evergreen  trees  is  treated  with  cal- 
ciinn  bisulfite,  Ca(  14803)2,  and  this  is  called 
the  sulfite  process. 

The  Sulfite  Process.  The  shreds  are  cooked 


Trotter  Studio 


Fig.  56-2.  The  dry  end  of^a  paper  machine.  This  machine,  located  in  the  Thunder  Bay  mill 
of  the  Abitibi  Power  and  Paper  Company,  Ltd.,  is  228  inches  wide  and  is  capable  of  running 
1400  feet  of  paper  a minute  or  roughly  seven  tons  an  hour. 


ess,  as  the  name  implies,  is  a method  of  treat- 
ing the  pulp  with  various  chemicals  to  im- 
prove the  strength,  appearance  and  printing 
qualities  of  the  paper.  First  of  all,  the  lignin 
and  resins  must  be  removed.  These  substances 
vary  with  the  type  of  tree.  As  a result,  the 
chemicals  used  are  not  the  same  for  evergreen 
trees  (such  as  the  pine,  spruce  and  hemlock) 
as  for  deciduous  trees  (such  as  the  birch  and 
poplar ) . 


with  high  pressure  steam  and  calcium  bisul- 
fite for  several  hours.  The  lignin  and  resins 
dissolve  in  the  bisulfite  and  arc  removed  by 
repeated  washing  of  the  pulp. 

Almost  50  percent  of  the  original  wood  is 
lost  by  either  of  these  processes.  But  the  re- 
maining “chemical  wood  pulp”  is  almost  pure 
cellulose.  Residual  impurities  impart  a yel- 
lowish color  to  the  pulp  so  that  it  is  neces- 
sary to  bleach  it  with  chlorine. 


THE  CHEMICAL  NATURE  OF  THINGS 


494 

Beating  the  Pulp.  The  pulp  is  now  ttlns- 
ferred  to  a tub  where  it  is  beaten  by  a eylin- 
drical  drum.  The  purpose  of  the  beating  is  to 
roughen  and  fray  the  fibers  so  that  they  will 
adhere  to  eaeh  other  and  make  a strong  paper. 
Fillers  and  sizing  are  also  added  and  are  thor- 
oughly mixed  with  the  pulp.  Resin  is  usually 
used  for  sizing.  This  is  neeessary  to  fill  up 
the  pores.  Otherwise  the  paper  would  be  like 
blotting  paper  and  would  not  take  ink.  China 
elay  or  ealeium  sulfate  are  used  as  fillers  or 


shaken  sideways  at  the  same  time.  The  mo- 
tion of  the  sereen  shakes  out  mueh  of  the 
water  and  the  eellulose  fibers  eohere  to  form 
a mat  or  web.  The  web  then  passes  through 
a suetion  box  where  more  water  is  removed. 
It  is  then  passed  through  rollers  where  still 
more  water  is  squeezed  out.  Finally  the  mat 
passes  over  steam  heated  rollers.  The  resin 
now  melts  and  seeps  into  the  paper,  filling  the 
pores.  As  the  paper  emerges  from  the  dry 
end  of  the  maehine  it  is  wound  into  rolls. 


Courtesy  Swift  & Company 

Fig.  56-3.  Huge  soap  kettles  with  a capacity  of  several  thousand  pounds. 


loading  materials  to  make  the  paper  opaque 
and  to  give  it  a smooth  surfaee. 

The  Papermaking  Machine.  The  milky 
fluid  from  the  vat  is  then  ready  for  the  final 
operations  in  the  papermaking  apparatus. 
This  is  a series  of  maehines,  about  100  yards 
long.  It  is  entirely  automatie,  and  is  one  of 
the  most  effieient  deviees  in  ehemieal  indus- 

try- 

First  the  fluid  is  poured  on  to  a moving 
wire  sereen  whieh  moves  forward  and  is 


SOAP 

Soap  is  formed  when  fats  or  oils  are  deeom- 
posed  by  sodium  hydroxide  or  potassium  hy- 
droxide. Sodium  hydroxide  forms  a hard  soap; 
potassium  hydroxide  a soft  soap  as  in  liquid 
soaps  and  shaving  ereams.  Animal  fats  sueh 
as  beef  fat,  lard,  or  tallow  are  suitable.  Vege- 
table oils  sueh  as  eottonseed  oil,  eoeonut  oil, 
olive  oil  and  many  others  may  also  be  used. 

A soap  must  have  eertain  properties.  It 
must  be  soluble  in  water,  it  must  form  suds, 
and  it  must  not  be  too  hard.  To  give  these 
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properties  a mixture  of  fats  and  oils  is  used. 
Beef  and  mutton  fat,  for  instance,  would 
form  a soap  that  was  too  hard,  whereas  coco- 
nut oil  would  form  a soap  that  was  too  soft. 

Soap  is  a Salt.  To  make  sodium  hydroxide 
and  fat  react  chemically  it  is  necessary  to  boil 
them  for  some  hours.  The  reaction  is 

fat  + sodium  hydroxide  ->  soap  + glycerine. 

Soap  is  the  sodium  salt  of  a fatty  acid.  The 
chemical  name  of  one  of  these  salts  is  sodium 
stearate.  Glycerine  is  an  important  by-product 
in  the  soap  industry. 

The  Manufacture  of  Soap.  Ordinary  toilet 
and  laundry  soaps  are  made  in  an  enormous 
steel  kettle.  The  kettle  may  be  30  feet  in 
diameter  and  35  feet  deep.  More  than 
100,000  pounds  of  soap  may  be  made  in  a 
single  kettle, 

The  mixture  of  fats  and  oils  is  pumped  into 
the  kettle  and  a solution  of  sodium  hydroxide 
is  added.  The  base  is  added  in  sufficient  quan- 
tity to  react  with  the  fatty  acids  released  from 
the  fats  and  oils.  The  contents  of  the  kettle 
are  then  heated  by  steam  which  enters  the 
bottom  of  the  kettle  through  a perforated 
coil.  This  steam  also  stirs  up  the  mixture  and 
; so  helps  the  substances  to  react.  Usually  the 
: heating  process  takes  about  four  hours, 
j When  the  soap  is  made  salt  is  shovelled 
into  the  kettle,  which  causes  the  soap  to 
I separate  from  solution.  The  soap  is  lighter 
1;  than  the  water  and  so  rises  to  the  top.  It  is 
I”  pumped  out  of  the  kettle  and  washed  to  re- 
la  move  any  remaining  sodium  hydroxide.  This 
compound,  if  left  in  the  soap,  would  be  harm- 
1 ful  to  skin  and  hair. 

L The  soap  is  then  chilled  on  steel  rollers, 
dried  by  hot  air  and  cut  to  shreds.  The  shreds 
1 are  sprayed  with  perfume,  pressed  and  mixed, 

' and  then  squeezed  through  a die  to  form  a 
long  bar.  The  bar  is  cut  into  cakes  in  a 
f.  stamping  machine,  and  the  cakes  are  either 
I wrapped  in  paper  or  boxed. 


FERTILIZERS  AUO  EXPLOSIVES 

When  plants  grow  they  take  nutrients  out 
of  the  soil.  As  a result,  the  soil  becomes 
impoverished  and  nutrients  must  be  replen- 
ished. This  is  done  by  fertilizers  which  are 
essentially  compounds  of  nitrogen,  phos- 
phorus, and  potassium.  We  will  discuss  only 
the  nitrogen  fertilizers,  the  most  important 
fertilizers. 


Courtesy  Consolidated  Mining  and 
Smelting  Co.,  Ltd.,  of  Canada 


Fig.  56-4.  Bagging  ammonium  nitrate  fertilizer 
at  the  Cominco  plant.  Trail,  B.  C.  The  finished 
product  looks  like  tapioca. 

How  are  nitrogen  compounds  returned  to 
the  soil?  For  centuries  farmers  have  recog- 
nized the  value  of  manures,  fish  scraps,  and 
even  dried  blood  to  replace  the  lost  nitrogen. 
But  these  sources  were  far  from  fulfilling  their 
needs.  In  the  19th  century  Chile  saltpeter 
was  imported  for  this  purpose.  Chile  salt- 
peter is  largely  sodium  nitrate  (NaNOg)  and 
is  an  excellent  fertilizer.  It  is  a fabulous  de- 
posit, isolated  on  a desert  plateau  in  northern 
Chile.  No  one,  not  even  among  geologists,  is 
quite  certain  how  it  got  there. 
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It  was  not  until  the  early  part  of  the  pres- 
ent century  that  chemists  learned  how  to 
make  the  nitrogen  of  the  air  combine  with 
other  elements.  This  process  is  called  fixation 
of  nitrogen.  It  is  one  of  the  most  important 
of  all  chemical  reactions  since  it  makes  avail- 
able the  inexhaustible  supply  of  nitrogen  in 
the  atmosphere. 

Fixation  of  Nitrogen.  Nitrogen  is  an  inac- 
tive gas  and  the  chemical  problem  was  to 
make  it  combine  with  other  elements  on  a 
large  scale.  A German  chemist  named  Haber 
succeeded  in  doing  this  in  the  following  way. 

He  compressed  a mixture  of  nitrogen  and 
hydrogen  under  an  exceedingly  high  pressure 
of  200  atmospheres.  The  -mixed  gases  were 
then  heated  to  about  450°  C.  and  passed  over 
a catalyst.  Under  these  conditions  the  gases 
combined  to  form  ammonia,  a pungent  gas. 

Or, 

T3H2->  2NH3 

This  is  an  exceedingly  important  reaction. 
Ammonia  1s  the  parent  of  a large  number  of 
nitrogen  compounds  and  the  Haber  Process 
is  a basic  chemical  procedure  in  every  indus- 
trialized country.  For  instance,  if  ammonia  is 
treated  with  dilute  sulfuric  acid  the  following 
reaction  takes  place, 

2NH3  + H^SO,  (NHJ.SO^ 

Ammonium  sulfate  is  a salt,  a white  solid. 
It  is  widely  used  as  a fertilizer.  Notice  again 
that  the  nitrogen  of  ammonium  sulfate  comes 
from  the  air— it  is  fixed  nitrogen.  When 
mixed  in  the  soil,  it  is  absorbed  by  the  roots 
of  plants.  The  plants  decompose  it  and  from 
the  decomposition  products  they  form  the 
proteins  they  need  to  build  up  their  own  cell 
structure. 

NITRIC  ACID 

Another  important  nitrogen  compound  is 
nitric  acid.  This  compound  is  needed  for 
making  explosives,  dyes,  drugs  and  many  other 
substances.  Nitric  acid  is  made  by  oxidizing 


ammonia  with  the  oxygen  of  the  air.  To  do 
this,  ammonia  and  air  are  passed  through  a 
hot  platinum  gauze  which  acts  as  a catalyst. 
The  reaction  is 

NH3  -f  20,  HNO3  + U,0 

The  nitric  acid,  which  is  a vapor  at  the  high 
temperature  of  the  reaction,  condenses  and 
dissolves  in  the  water  that  is  also  formed. 

EXPLOSIVES 

Explosives,  which  have  already  been  dis- 
cussed at  some  length  in  Chapter  24,  are  made 
from  nitric  acid.  Both  dynamite  and  T.N.T. 
have  been  discussed  in  this  chapter. 

Dynamite  is  made  from  glycerine,  C3H5 
(OH) 3,  a by-product  of  the  soap  industry. 
The  reaction  is 

C3H3(OH)3-f  3HN03-> 

C3H3(N03)3+3H30 

The  compound  C3H3(N03)3  is  nitroglyc- 
erine, an  oily,  unstable  liquid  which  explodes 
on  the  slightest  shock.  To  make  it  safe  to 
handle,  nitroglycerine  is  absorbed  by  sawdust 
or  charcoal.  The  product  is  called  dynamite. 


Courtesy  Canadian  Industries  Limited 

Fig.  56-5.  At  the  "Mixing  House"  in  the  explo- 
sives plant  in  Beloeil,  Que.,  nitroglycerine  is  mixed 
with  the  non-explosive  ingredient  to  moke  dynamite. 
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When  dynamite  is  exploded,  the  following 
reaetion  takes  plaee, 

4C3lI,(N03)3 IZCO^t  + lOILOt  + 

6N3t  + Oot  + keat 

Notiee  that  all  the  prodnets  are  gases.  The 
heat  e\’ohed  in  the  reaetion  eanses  the  gases 
to  expand,  thereby  ereating  an  explosive  foree. 
Notice  also  that  dynamite  is  a smokeless 
])owder  bccansc,  unlike  gunpowder,  there  are 
no  solids  among  the  prodnets. 


Courtesy  Canadian  Industries  Limited 


Fig.  56-6.  Rock,  mud,  and  water  rise  1,000  feet 
into  the  air  as  36,000  pounds  of  dynamite  are 
used  to  unplug  a diversion  tunnel  on  the  Moni- 
cougon  River,  Quebec. 

! Trinitro  toluene  (T.N.T.).  T.N.T.  is  formed 
j by  the  nitrogen  of  toluene,  C6H5CH3,  ob- 
j tained  from  coal  tar  and  petroleum.  The  re- 
,j  action  is 

CU,C,U,  + 3HNO3 

CR,C,U,{NO,),  + m,0 

T.N.T.  is  a solid  which  melts  at  80°  C. 
This  low  melting  point  is  a great  advantage 
since  the  compound  can  easily  be  melted  and 


poured  into  shells.  It  is  quite  safe  to  handle 
because  it  is  not  affected  by  ordinary  shocks. 
When  detonated,  however,  it  explodes  vio- 
lently, giving  gaseous  products  in  a manner 
similar  to  dynamite. 

SYNTHETICS 

The  chemist  has  not  yet  synthesized  the 
most  complex  substances  found  in  nature, 
substances  such  as  cellulose,  wool  and  silk. 
But  he  has  made  a wide  variety  of  synthetic 
materials.  The  so-called  “synthetics”  are  or- 
ganic compounds,  and  are  usually  made  from 
such  abundant  raw  materials  as  air,  water, 
coal,  petroleum,  and  natural  gas.  Rubber  and 
plastics  are  probably  the  most  important 
synthetics. 

RUBBER 

Natural  rubber  is  obtained  from  a tropical 
plant  cultivated  chiefly  in  Malaya,  Indo- 
China,  and  the  East  Indies.  When  the  bark 
of  a rubber  plant  is  cut,  a milky  fluid  called 
latex  oozes  out.  Latex  is  an  emulsion  of  rub- 
ber globules  in  water.  When  a dilute  acid  is 
added  to  latex,  the  rubber  coagulates.  It  is 
then  pressed  between  rollers  to  thin  sheets 
of  rubber. 

Chemists  have  now  synthesized  rubber 
from  the  products  of  coal  and  petroleum.  As 
a result,  industrialized  countries  are  no  longer 
dependent  upon  the  imports  of  latex  from 
tropical  countries.  Actually  four  different 
types  of  rubber  are  manufactured  but  only 
one.  Buna  S,  will  be  discussed  here. 

Buna  S is  the  cheapest  of  the  synthetic  rub- 
bers and  it  most  nearly  resembles  natural 
rubber.  Buna  S is  manufactured  by  agitating 
a mixture  of  butadiene  and  styrene  in  soapy 
water  for  several  hours.  Both  butadiene  and 
styrene  are  complex  hydrocarbons  obtained 
from  petroleum,  natural  gas,  or  coal.  They 
combine  to  form  a milky  emulsion  of  rub- 
ber particles  which  resembles  latex.  As  in  the 
case  of  latex,  acid  is  added  to  coagulate  the 
rubber  and  the  product  is  filtered  and  dried. 
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The  rubber  is  heated  with  sulfur,  a proeess 
ealled  vulcanization,  to  make  it  tough,  elastie 
and  resistant  to  wear.  As  explained  on  page 
256,  the  durability  of  rubber  is  further  in- 
ereased  by  the  additions  of  earbon  blaek. 


poured  into  a mold  of  any  desired  shape.  On 
eooling  to  a solid,  it  forms  Bakelite  whieh  is 
an  infusible  solid.  Many  familiar  artieles  are 
made  of  Bakelite— door  knobs,  radio  eabinets, 
bottle  eaps,  eleetrieal  insulators,  and  a host 
of  other  things. 


Lucif-e  or  Plexiglas.  Lueite  is  a complex  or- 
ganic substance  made  from  petroleum  or 
natural  gas,  coal,  salt  and  water.  This  is  the 
most  transparent  substance  known,  even  more 
transparent  than  glass.  A Lueite  rod  will  con- 
duct light  from  one  end  to  the  other.  This 
property  is  useful  to  dentists  and  surgeons 
since  they  can  direct  a light,  by  means  of  a 
Lueite  rod,  to  any  part  of  a patient  without 
risk  of  burning  him. 

Lueite  and  Plexiglas  can  be  machined. 


Courtesy  Polymer  Corporation,  Limited 

Fig.  56-7.  Synthetic  rubber  crumb  as  it  passes  from 
the  drier  to  the  extruder. 

PLASTICS 

The  most  versatile  of  all  synthetics  are 
plastics.  The  word  plastic  means  a substance 
that  can  be  softened  by  heat  and  then  molded 
into  any  desired  shape.  Some  plastics  are 
thermoplastic;  that  is,  they  can  be  repeatedly 
softened  by  heating  and  hardened  again  by 
cooling.  Other  plastics  are  thermosetting 
which  means  that  the  material  is  changed  by 
heat  into  a permanently  infusible  solid.  Lu- 
cite  or  Plexiglas  is  a thermoplastic,  and  Bake- 
lite is  a thermosetting  plastic. 

Bakelite  is  made  by  heating  a mixture  of 
phenol  (a  coal  tar  product)  and  formalde- 
hyde in  an  alkaline  solution.  They  form  an 
amber-colored  plastic  which  will  adsorb  dyes. 
If  the  plastic  is  heated  it  can  be  melted  and 


Courtesy  du  Pont  Company 
Fig.  56-8.  Machining  Lueite  on  a lathe. 

sawed,  and  drilled,  just  like  wood.  This  prop- 
erty greatly  extends  the  uses  that  can  be  made 
of  it.  The  Lueite  lenses  are  the  “unbreakable 
glass”  in  spectacles.  It  is  also  used  for  win- 
dows in  airplanes  and  for  safety  glass  in  auto- 
mobiles. 


I 
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PRODUCTS  FROM  PETROLEUM  AND  NATURAL  CAS 

As  stated  abo\'e,  plastics  and  rubl^cr  are 
made  from  petroleum  and  natural  gas.  These 
two  natural  products  arc  the  starting  point  of 
many  valuable  products. 

Let  us  turn  back  for  a moment  to  the  refin- 
ing and  the  cracking  of  petroleum  on  pages 
238  and  239.  Gasoline,  it  states,  is  a mixture 


Courtesy  Universal  Oil  Products  Company 

Fig.  56-9.  A petroleum  cracking  unit. 


of  pentane  (CgHis),  hexane,  (CgHi^),  hep- 
tane, and  octane  (CgHig)-  Notice 

that  these  compounds  are  hydrocarbons  which 
can  be  represented  by  the  general  formula 
CnHgn+o^  where  n represents  the  number 
of  carbon  atoms  per  molecule.  Hexane  can 
also  be  written  structurally  as 

H II  II  II  II  H 

I ! ' I i I 

H-C-C-C-C-C-C-H 

I ! I 1 i 

II  II  II  II  II  H 


I’his  formula  shows  that  the  carbon  atoms 
in  the  molecule  are  linked  together  to  form  a 
chain.  As  we  would  expect  by  reference  to 
the  valence  table,  the  carbon  atoms  have  four 
bonds  and  the  hydrogen  atoms  one  bond. 

In  the  cracking  process,  long  chain  mole- 
cules of  kerosene  or  fuel  oil  are  broken  by  the 
heat  and  pressure.  Consider,  for  example, 
the  various  ways  in  which  the  molecule 
CiglLg  may  be  broken 

CglGg  + C-JIjo 

C,H,,  +CJI,2 
CJG,  +C,II,, 

C^fill22  T C^Hfi 

C,Jl2,  + C2lI, 

The  molecules  on  the  left  are  of  the  gaso- 
line type  (CnH2n+2)-  the  molecules  on 
the  right  are  hydrocarbons  of  a different  type 
(CnHan).  Consider  the  compound  CgLC. 
Its  name  is  ethylene.  What  is  its  structure? 
The  only  way  it  can  be  written  is 

H-C  = C-II 

1 I 

H H 

A similar  type  of  compound  is  (CgHe),  or 
H 

i 

H-C  = C-C-H 

I I 1 

H H H 

Compounds  of  this  type  (CnHan)  all  have 
a double  bond  which  makes  them  very  reac- 
tive. Indeed,  compounds  with  a double  bond 
are  the  important  ones  in  synthetic  chemistry. 

Natural  gas  is  largely  a mixture  of  methane 
(CH4)  and  ethane  (CgHg).  Ethylene  can 
also  be  made  by  the  decomposition  of  na- 
tural gas.  It  is  one  of  the  most  important 
compounds  in  industry.  Ethylene  combines 


C TT 

-^28 


or 


500  THE 

with  bromine  to  form  ethylene  dibromide 
(C2H4Br2),  an  important  constitutent  of 
“ethyl”  gasoline.  It  reacts  with  water  to  form 
ethylene  glycol  used  as  an  antifreeze.  It  also 
reacts  with  chlorine  and  hydrochloric  acid 
and  from  the  products  obtained  in  this  way 
an  almost  unbelievable  number  of  useful  com- 
pounds can  be  made. 

And  so  it  is  with  other  petroleum  products. 
Such  derivatives  as  paints,  plastics,  rubber, 
explosives,  fertilizers,  perfumes,  detergents, 
glycerine  and  even  alcohol  are  made  on  a 
large  scale  from  petroleum. 

THINGS  TO 

Natural  sources  of  sugar,  a carbohydrate,  are 
sugar  cane  and  sugar  beet. 

To  extract  sugar,  beets  are  sliced  and  stirred 
with  hot  water.  The  solution  is  concentrated 
in  vacuum  pans  until  crystals  form.  The  crystals 
are  then  whirled  in  a centrifuge  to  separate  them 
from  molasses. 

Paper  is  made  from  wood.  Wood  is  first 
shredded  to  a pulp.  Lignin  is  then  removed  from 
the  pulp  by  chemicals,  and  the  fibers  of  the  puri- 
fied pulp  are  freed  from  water  on  a moving  wire 
screen. 


1.  What  is  a carbohydrate?  Give  an  example. 

2.  What  is  molasses?  What  is  it  used  for? 

3.  What  is  cellulose?  Give  an  example. 

4.  What  is  chemical  wood  pulp? 

5.  Explain  the  purpose  of  fillers  and  sizing  in 
papermaking. 

6.  Name  the  important  by-product  in  the  soap 
industry. 

7.  Write  the  word  equation  for  the  reaction 
in  a soap  kettle. 

8.  (a)  Explain  why  it  is  necessary  to  enrich 

soil  with  nitrogen  fertilizers. 

{b)  Name  three  common  nitrogen  ferti- 
lizers. 

9.  What  is  meant  by  the  vulcanization  of 
rubber. 

10.  Name  a source  of  {a)  natural  rubber;  (h) 
synthetic  rubber. 

1 1 . Write  the  structural  formula  for  pentane. 


HEMICAL  NATURE  OF  THINGS 

Product's  from  Noi-ural  Gas.  What  is  true 
of  petroleum  is  also  true  of  natural  gas.  As 
petroleum  becomes  harder  to  find,  many  of 
the  chemical  industries  now  based  on  petro- 
leum will  use  natural  gas  as  their  raw  ma- 
terial. Already  natural  gas  can  be  converted 
into  gasoline  or  Diesel  fuel  by  a process  some- 
what similar  to  that  described  on  page  240. 
This  history  of  natural  gas  is  really  a Cin- 
derella story.  It  began  as  an  unwanted  and 
discarded  stepchild  and  now  it  promises  to  be 
one  of  the  most  basic  commodities  in  indus- 
try. 

REMEMBER  

Soap  is  the  sodium  salt  of  a fatty  acid. 

Fertilizers  enrich  the  soil.  They  are  essentially 
compounds  of  nitrogen,  phosphorus,  and  potas- 
sium. 

The  fixation  of  nitrogen  is  the  combination  of 
nitrogen  of  the  air  with  other  elements. 

Synthetics  are  organic  compounds  made  from 
raw  materials  such  as  air,  water,  coal,  petroleum, 
and  natural  gas. 

A thermoplastic  can  be  softened  by  heat;  a 
thermosetting  plastic  cannot  be  softened  by  heat. 


12.  Discuss  briefly  the  essential  steps  in  the 
manufacture  of  sugar. 

13.  What  are  vacuum  pans?  How  do  they  oper- 
ate? What  is  their  purpose? 

14.  Briefly  describe  the  sulfite  process  in  paper 
miking. 

15.  Explain  briefly  how  soap  is  made. 

16.  (a)  What  is  meant  by  fixation  of  nitrogen? 
{b)  Describe  a method  by  which  nitrogen 

is  fixed. 

17.  (a)  What  is  dynamite? 

(b)  Why  is  dynamite  an  explosive  sub- 
stance? 

18.  (a)  What  is  Buna  S? 

(b)  How  is  it  made? 

19.  Describe  some  of  the  important  properties 
of  Lucite. 

20.  Explain  the  two  different  kinds  of  com- 
pounds formed  in  the  cracking  process. 
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CHEMISTRY  AND  THE  CONSUMER 


Let  us  now  take  stock  of  our  chemical 
knowledge.  We  might  well  ask,  What  is  the 
use  of  it?  An  idealist  might  reply  that  knowl- 
edge is  its  own  reward  and  that  without 
knowledge  there  can  be  no  wisdom.  Some 
might  answer  that  chemistry  tells  us  a good 
deal  of  the  world  about  us  and  makes  it  a 
more  interesting  place  to  live  in.  Others 
might  concede  that  chemistry  helps  us  to  live 
more  intelligently. 

This  last  point  is  worth  examining  a little 
more  closely.  Until  relatively  recent  times 
there  has  been  much  superstition  associated 
with  scientific  phenomena.  Even  today  it  is 
still  fairly  common  in  the  treatment  of  dis- 
ease. A knowledge  of  science  dispels  a fear 
of  the  unknown  and  averts  superstition.  At 
least  the  knowledge  will  serve  this  purpose  if 
it  is  usefully  applied.  One  has  only  to  con- 
sider the  extravagant  claims  in  advertising, 
both  over  the  radio  and  in  the  newspapers, 
to  be  convinced  that  false  claims  of  un- 
scrupulous vendors  were  not  limited  to  the 
Dark  Ages. 

Man  is,  of  course,  vitally  concerned  with 
his  health.  This  is  a field  where  sound  chem- 
ical knowledge  can  ward  off  the  dangers  of 
quackery. 

Health  is  closely  related  to  food.  And  food 
is  the  item  that  looms  largest  in  the  family 
budget  in  times  of  rising  prices.  Are  the  most 
expensive  foods  the  most  nutritious?  What 


is  a balanced  diet?  Do  foods  change  chemi- 
cally when  they  are  digested?  Are  food  pre- 
servatives harmful?  Let  us  examine  some  of 
these  questions. 

The  Purpose  of  Food.  The  body  is  like  an 
internal  combustion  engine  that  gets  its 
energy  from  food.  Food  is  “burned”  in  the 
body  and  the  energy  released  in  the  combus- 
tion reactions  serves  several  purposes.  First 
it  keeps  the  body  warm,  at  a temperature  of 
98.6°  F.  The  energy  also  allows  us  to  operate 
our  muscles;  in  other  words,  to  do  work. 
Even  speaking  and  breathing  require  energy 
—and  energy  is  also  needed  to  maintain  a 
beating  heart. 

Food  is  also  needed  to  form  tissue.  No 
child  could  grow  without  food  to  supply  this 
living  material.  Even  when  we  are  fully 
grown  food  is  still  needed  for  this  same  pur- 
pose. Throughout  life  the  cells  of  the  body 
wear  away  and  disintegrate  so  that  an  essen- 
tial function  of  food  is  to  make  good  these 
losses  in  living  tissue. 

Essential  Foods  in  on  Ordinary  Diet.  To 

supply  the  various  needs  of  the  body  a “bal- 
anced” diet  is  necessary.  This  should  include 
carbohydrates,  fats,  proteins,  minerals  and 
vitamins.  When  these  substances  enter  the 
stomach  and  intestines  they  are  attacked  by 
“juices”  and  enzymes  and  are  decomposed  to 
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smaller  molecules,  a process  called  digestion. 
The  digested  food  particles  are  small  enough 
to  pass  through  the  wall  of  the  intestines  and 
into  the  blood  stream.  They  are  carried  to 
the  cells  where  the  repair  and  energy  reactions 
take  place. 

Carbohydrates.  Carbohydrates,  which  are 
chiefly  sugar  (C12H22O11)  and  starch  (Cg- 


of  protein.  These  articles  of  food  are  con- 
siderably more  expensive  than  the  carbohy- 
drates. Proteins,  however,  occur  in  some  vege- 
tables such  as  peas,  beans,  peanuts,  and  soy- 
beans. Eggs  are  also  rich  in  protein. 

Fats.  Fats  are  compounds  of  carbon,  hydro- 
gen and  oxygen,  but  they  have  a higher  per- 
centage of  carbon  than  carbohydrates.  For 


Protein 


Fat 


A5h 


Carbohydrates 


Water 


WHITE  BREAD 


BEEF  STEAK 

EDIBLE  PORTION 


IFUELVALUE 
ISqumeEquab 
1000  Calories 


EGG 

white  and  YOLK 


Fuel  value 


1180  CALORIES 
per  pound 


POTATO 

Plr>jtein:2.2 


Fat:  18.5 
Fuel  value-.  1090  calories  per  pound 

WHOLE  MILK 


Water  87.0 


Water:4! 
FVotein-.ie.! 
Fat:333 

irn:18.6 
Ash:  1.0 


er:862 

Bnotein:13.0 
Fat;  0.2 


A^;0.6 

Fuel  VALUE  of  yolk  Fuelvauj^eof  white 

■ 1650 CALORIES  I ^245calories 

PFR  POUND  ■ — I PER  POUND 


Carbohydrates  :18t4  Water:  783 
Fuel  value 

0 10  calories  per  POUND 


Fat:  4.0 

Ash:  0.7-  ^ 

Carbobi/drat6S:5.0 

o 

Fuel  value -.315  calories  per  l& 


Ash:3.0 


Wat«r;13.0 


P)rotein:1.0 


3405 calories  per  pound 


Fig.  57-1 . The  composition  and  heat  value  of  some  common  foods. 


H.ioOs),  are  made  only  by  plants.  They  are 
the  most  abundant  source  of  energy.  Cereals, 
rice,  and  potatoes  all  contain  a good  deal  of 
starch;  bread,  '‘the  staff  of  life,”  contains 
more  than  50  percent  of  it. 

Proteins.  Proteins  contain  nitrogen  as  well  as 
carbon,  hydrogen  and  oxygen.  They  are  essen- 
tial constituents  in  the  cells  of  plants  and 
animals.  For  this  reason  much  of  our  food 
consists  of  the  tissues  of  other  organisms. 
Beef,  mutton,  pork,  and  fish  are  good  sources 


this  reason  they  can  be  regarded  as  concen- 
trated fuels.  Fats  occur  in  animals  and  plants. 
Bacon  and  fat  meats,  butter  and  cream  are 
good  animal  sources  of  it.  Many  vegetable 
products,  such  as  margarine,  olive  oil,  and 
cottonseed  oil,  also  contain  it. 

Minerals.  Minerals  are  needed  to  build  up 
tissue  and  for  various  body  functions.  Small 
quantities  of  calcium,  phosphorus,  potassium, 
magnesium,  iron,  sulfur  and  sodium  are  essen- 
tial. Calcium  and  phosphorus,  for  example, 
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are  necessary  for  making  bones  and  teetli; 
iron  is  a vital  ingredient  of  the  blood.  Min- 
erals are  present  in  all  green  \'egetables  which 
should  therefore  be  included  in  the  daily  diet. 

Foods  such  as  rice,  wheat,  potatoes,  and 
apples  ha\e  their  minerals  concentrated  in 
their  outer  layers.  As  a result,  the  minerals 
are  lost  in  the  peelings  of  apples  and  potatoes. 
'Fhe  same  is  true  of  polished  rice  and  white 
flour  since  the  outer  layers  of  rice  and  wheat 
grains  ha\e  been  removed  in  the  processing. 
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Vitamins.  If  a person  were  given  a diet  of 
only  carbohydrates,  fats,  proteins,  and  the 
essential  minerals,  illness  would  soon  overtake 
him.  This  is  because  his  diet  would  lack  cer- 
tain “vital”  substances  called  vitamins.  Dis- 
eases caused  by  lack  of  vitamins  have  been 
known  for  centuries,  but  the  vitamins  which 
prevent  these  diseases  have  been  isolated  and 
identified  only  within  the  past  fifty  years.  In 
the  days  of  sailing  ships  sailors,  during  long 
voyages  at  sea,  were  often  stricken  with  scurvy. 


TKii  rat,  28  we«kf  dd,  lied  no  riboflavin.  It  soon  became  sick,  and  lost 
hair,  espeetdiy  about  the  head.  It  weighs  only  63  srams. 


"Hie  semie  rot  6 weeks  later,  after  recetvins  food  rich  in  riboflavin, 
recovered  its  fine  fur  ond  now  weishs  169  srams. 


Courtesy  U.  S.  Department  of  Agriculture 


Fig.  57-2.  Riboflavin  promotes  health  by  helping  body  cells  use  oxygen. 
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a disease  that  caused  loosening  of  the  teeth, 
bleeding  of  the  gums,  and  soreness  of  the 
joints.  Even  as  early  as  1720  it  was  known 
that  lime  juice  and  citrus  juices  would  cure 
this  disease.  But  it  was  not  until  the  present 
century  that  scurvy  was  known  to  be  caused 
by  lack  of  Vitamin  C,  a vitamin  present  in 
citrus  fruits. 

Vitamins  occur  in  minute  quantities  in 
many  natural  foods.  They  are  an  essential 
part  of  a balanced  diet.  Vitamins  can  be  re- 


garded as  body  regulators.  Without  them 
various  chemical  changes  will  not  take  place 
in  the  body  and  deficiency  diseases  will  result. 
When  first  isolated,  their  chemical  composi- 
tion was  unknown,  and  so  they  were  named 
after  the  first  six  letters  of  the  alphabet.  More 
recent  research  has  proved  that  most  of  the 
vitamins  are  not  just  single  compounds.  Vita- 
min B,  for  example,  is  a complex  of  at  least 
three  substances,  thiamin,  riboflavin,  and 
niacin. 


Courtesy  U.  S.  Departuieut  of  Agriculture 


Fig.  57-3.  Thiamin  (vitamin  B,)  is  needed  by  body  cells  to  use  carbohydrates. 
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Vitamin  A.  A deficiency  of  this  vitamin 
causes  impaired  vision,  night-blindness,  and 
skin  eruptions.  Good  sources  of  Vitamin  A 
are  yolk  of  egg,  fish-liver  oils,  butter  and  vege- 
tables, particularly  carrots. 

Vitamin  B Complex.  This  substance,  orig- 
inally thought  to  be  one  compound,  contains 
the  B vitamins,  thiamin,  riboflavin,  and  nia- 
cin. A deficiency  of  it  results  in  beriberi 
(which  causes  weakness,  stunted  growth,  and 
neuritis),  dermatitis,  (characterized  by  lesions 
of  the  skin ) , and  inflammation  of  the  skin  and 
eyes.  Niacin  and  riboflavin  are  present  in 
milk,  eggs,  and  fresh  vegetables.  Thiamin  is 
found  most  abundantly  in  whole  grain  foods 
and  yeast.  The  removal  of  the  husks  of  grain, 
as  in  the  manufacture  of  white  flour  and 
polished  rice,  results  in  loss  of  this  valuable 
\itamin. 

Vitamin  C.  As  already  stated,  a lack  of  this 
vitamin  causes  scurvy.  It  occurs  in  citrus  and 
other  fruits,  also  in  tomatoes  and  other  vege- 
tables. However,  the  vitamin  is  decomposed 
by  the  oxygen  of  air  and  also  by  cooking.  For 
this  reason,  only  fresh,  raw  fruits  are  a good 
source  of  it. 

Vitamin  D.  A deficiency  of  vitamin  D pre- 
vents the  proper  absorption  of  calcium  and 
phosphorus  in  the  bones,  and  is  the  cause  of 
rickets  in  children.  Milk,  eggs,  butter  and 
various  liver  oils  are  natural  sources  of  this 
vitamin. 

Synthetic  Vitamins.  All  the  vitamins  ex- 
cept D have  now  been  synthesized  by  the 
chemist.  And  vitamin  D can  be  produced  in 
some  foods  by  ultraviolet  light. 

Vitamins,  particularly  B and  C,  are  now 
manufactured  on  a large  scale.  This  means 
that  refined  foods  like  white  flour  and  pol- 
ished rice  can  be  enriched.  It  also  means  that 
a typical  diet  of  meat,  potatoes,  white  bread, 
coffee  and  sugar  which  is  deficient  in  vita- 

I 


mins  can  be  enriched  by  taking  vitamin  pills. 
But  it  also  means  that  the  radio  announcer 
has  an  opportunity  to  sell  his  wares  whether 
they  are  needed  or  not.  It  is  well  to  bear  in 
mind  that  sufficient  vitamins  are  present  in  a 
varied  diet  of  natural  foods  and  that,  unless 
prescribed  by  a physician,  vitamin  pills  may- 
serve  no  useful  purpose. 

Milk,  A Well-Balanced  Food.  Milk  contains 
all  the  essentials  of  a complete  diet  for  grow- 
ing infants— protein,  fat,  sugar,  calcium  salts 
and  other  minerals,  and  some  vitamins.  It 
can  be  fermentated  in  various  ways  into  more 
concentrated  foods.  Cheese,  for  example, 
which  is  made  in  this  way,  contains  all  the 
proteins  and  fat  of  the  original  milk. 

Cooking  of  Foods.  The  common  practice  of 
cooking  foods  is  based  on  common  sense. 
The  flavor  of  foods  is  improved  by  cooking, 
but  this  is  by  no  means  the  most  important 
reason.  Cooking  destroys  germs  thereby  mak- 
ing the  foods  m.ore  edible  as  well  as  prevent 
ing  their  decay.  Pork,  for  instance,  may  con- 
tain tiny  worms  called  trichina,  which  can 
induce  serious  illness  unless  they  are  destroyed 
by  cooking.  Similarly,  uncooked  beef  may 
contain  a tapeworm  which  could  likewise  be 
transferred  to  the  consumer. 

Still  another  advantage  of  cooking  is  that 
foods  are  made  more  digestible.  Starch 
granules  have  a tough  cell  wall  made  of 
cellulose  which  cannot  be  digested  in  the 
human  stomach.  When  potatoes  are  boiled 
or  baked  the  cell  walls  are  broken  so  that  the 
starch  is  then  released  and  is  available  as  a 
food. 

Foods  ore  destroyed  by  Bacteria.  The  at- 
mosphere contains  myriads  of  microscopic 
organisms  called  yeasts  and  bacteria.  Yeasts 
and  bacteria  are  minute  plants.  A yeast  tab- 
let contains  millions  of  tiny  yeast  plant  cells. 
Neither  yeast  nor  bacteria  contain  green 
ehlorophyll,  and,  as  a result,  they  are  unable 
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to  manufacture  food  out  of  the  earbon  dioxide 
and  water  vapor  of  the  air.  Instead,  they 
attaek  dead  organie  material  and  decompose 
it.  In  this  way,  new  food  materials  are  made 
available  for  growing  plants.  Indeed,  unless 
bacteria  deeomposed  organie  material,  the 
available  food  supplies  of  plants  would  dwin- 
dle and  eventually  become  exhausted.  Al- 
though the  action  of  yeasts  and  bacteria  is  an 
essential  provision  in  nature,  the  deeomposi- 


Fig.  57-4.  Louis  Pasteur  ( 1 822- 1 895).  Chemist  and 
bacteriologist.  He  discovered  the  nature  of  fermen- 
tation. He  also  found  the  cause  of  some  contagious 
diseases  and  discovered  a means  of  preventing 
contagion. 

tion  of  foods  which  they  cause  ean  have  dan- 
gerous effeets.  Vegetables,  fruit,  meat,  eggs, 
and  milk  are  all  attacked  by  them.  The  flavor 
of  foods  is  ehanged  as  new  eompounds  are 
formed,  and  in  some  eases  the  foods  develop 
bad  odors  and  may  even  beeome  poisonous. 
How  can  foods  be  protected  against  the  ae- 
tion  of  bacteria?  This  may  be  done  by  can- 
ning, by  refrigeration,  and  by  the  use  of  pre- 
servatives. 

Canning  of  Foods.  Canning  is  an  effective 
method  of  conserving  fruits  and  vegetables. 


When  the  fruits  are  plentiful  they  are  eheap 
and  they  ean  be  preserved  for  use  in  the  win- 
ter and  spring.  In  canning  care  must  be  taken 
to  exclude  all  bacteria.  Jars  must  be  sterile 
and  hands  should  be  serupulously  elean.  Even 
the  fruit  should  be  unbruised  for  otherwise 
bacteria  may  enter  the  broken  covering  of 
the  skin. 

The  fruit  is  paeked  into  jars  which  are  then 
filled  with  syrup.  The  jars  are  placed  in  a 
boiler  and  almost  covered  with  water.  Rubber 
rings  are  fitted  on  to  the  jars  and  the  glass 
covers  put  loosely  in  plaee.  The  water  is  then 
strongly  heated  and  the  heating  process  is 
continued  long  enough  to  destroy  all  baeteria. 
The  eover  is  then  sealed  while  the  jar  is  still 
hot.  The  rubber  seal  makes  the  jar  air  tight, 
and  so  exeludes  all  bacteria. 

If  the  jars  are  stored  in  a eool  dark  plaee, 
the  fruit  is  preserved  indefinitely. 

Pasteurization  of  Milk.  The  pasteurization 
of  milk  is  a safety  precaution  rather  than  a 
method  of  destroying  all  bacteria.  Raw  milk, 
partieularly  if  it  is  not  certified,  may  contain 
tuberculosis  and  typhoid  germs.  If  the  milk 
is  maintained  at  a temperature  of  about 
145°  F.  for  about  30  minutes  all  tubereulosis 
and  typhoid  germs  are  destroyed.  This  process 
is  ealled  pasteurization.  The  germs  which 
turn  milk  sour  are  not  destroyed  by  pasteuri- 
zation but  they  are  rendered  inaetive  for  some 
time.  As  a result,  the  milk  is  prevented  from 
spoiling  for  a period  of  48  hours  or  so. 

Refrigeration.  Bacteria  do  not  develop  at 
low  temperatures  so  that  meat,  fruit  and  vege- 
tables ean  be  kept  in  good  condition  for  days 
by  placing  them  in  eold  storage.  The  most 
suitable  temperature  for  storage  depends  on 
the  nature  of  the  food.  Fish  is  best  stored  at 
5°  F.,  and  meat  and  poultry  at  10°  F.  At 
these  temperatures  they  can  be  preserved  for 
months.  Fruits  should  be  kept  at  a higher 
temperature,  just  above  the  freezing  point  of 
water.  Fruits  in  eold  storage  are  still  alive 
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and  the  purpose  of  the  low  temperature  is  to 
delay  the  ripening  process.  When  fruits  are 
removed  from  the  refrigerator  the  ripening 
process  again  proceeds  at  a normal  rate. 

Preservatives.  It  has  been  known  for  cen- 
turies that  certain  preservatives  will  prevent 
food  from  decomposing.  The  use  of  salt  and 
spices  for  this  purpose  arc  referred  to  in  the 
Bible.  The  effect  of  preservatives  is  to  destroy 
bacteria  and  to  prevent  them  from  entering 
the  food.  Another  effective  method  of  pre- 
scr\'ing  meats  such  as  ham  or  corn  beef  is  to 
suspend  them  in  the  smoke  of  a wood  fire. 
Smoke  closes  the  pores  and  therefore  excludes 
air.  Before  smoking,  the  meats  should  be 
treated  with  salt,  and  salt  peter,  and  even 
sugar.  All  these  substances  are  preservatives 
and  they  also  help  to  retain  the  flavor. 

A concentrated  sugar  solution  also  inhibits 
bacteria.  We  are  familiar  with  the  use  of 
sugar  as  a preservative  in  jams  and  jellies.  The 
paraffin  wax  poured  on  the  top  of  home-made 
jam  excludes  the  air.  Still  another  harmless 
and  effective  preservative  is  vinegar. 

In  recent  years  harmful  chemicals  have 
been  added  to  foods  to  preserve  them.  Fifty 
\'ears  ago  farmers  added  formaldehyde  to  milk 
thereby  making  it  possible  to  store  milk  for 
several  days.  Formaldehyde  does  not  spoil 
the  taste  of  milk  but  it  seriously  interferes 
with  the  digestive  process.  About  the  same 
time,  laudanum,  a derivative  of  morphine  and 
a habit-forming  drug,  was  given  to  babies  as 
a “soothing  syrup.”  Cases  such  as  these  were 
the  cause  of  legislation— a Food  and  Drug 
Act— which  supposedly  protects  the  consumer 
against  adulterated  foods.  Preservatives  such 
as  formaldehyde  and  boric  acid  are  now  for- 
bidden by  law.  Others,  which  are  still  used, 
give  an  objectionable  taste  and  flavor  to  foods 
and  are  dangerous  to  health.  The  use  of 
sodium  benzoate  has  caused  much  contro- 
versy. A certain  small  percentage  is  allow- 
able, and  if  it  is  used  at  all  it  must  be  so 
stated  on  the  label.  Another  chemical  that 
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may  have  harmful  effects  is  sulfur  dioxide 
used  as  a preservative  of  dried  fruits. 

Food  Fads.  Good  nutrition  is  essential  to 
good  health  and  personal  efficiency.  Its  im- 
portance cannot  be  stressed  too  much.  It  is 
not  surprising  that  some  people  make 
extravagant  and  unfounded  claims  for  the 
beneficent  effects  of  certain  foods  and  food 
processes.  Indeed,  most  of  us  have  some  idio- 
syncrasy in  the  interest  of  “good  nutrition.” 

An  ever  popular  theme  in  magazine  articles 
is  the  remarkable  nutritional  value  of  “na- 
tural foods.”  Such  articles  also  condemn  the 
refining  process  which  undoubtedly  removes 
certain  nutrients  from  foods.  Crystallized 
sugar  and  white  flour  for  example,  are  refined 
foods.  They  are  refined  to  make  them  white 
and  improve  their  appearance.  But  is  the 
nutritional  loss  really  serious? 

Some  of  the  “experts”  urge  the  use  of 
honey,  or  raw  sugar,  or  even  molasses  instead 
of  refined  cane  sugar.  It  is  true  that  honey 
and  raw  sugar  have  traces  of  minerals  and 
vitamins  not  found  in  the  refined  sugar.  And 
molasses  is  a good  source  of  iron,  without 
which  anemia  would  develop.  But  we  must 
remember  that  all  the  essential  minerals  and 
vitamins  are  provided  in  a mixed  diet.  More- 
over, you  do  not  have  to  get  your  iron  from 
molasses — an  even  better  source  of  it  is  green 
vegetables  or  yolk  of  egg. 

It  is  also  true  that  in  the  refining  of  white 
flour  both  minerals  and  thiamin  have  been 
lost.  But  if  white  flour  is  enriched,  and  it 
usually  is,  the  lost  minerals  and  vitamins  are 
restored.  There  is  no  scientific  evidence  that 
refined  white  flour  is  less  nutritious  than 
whole  wheat  flour. 

One  could  write  at  length  on  other  food 
fads.  But  the  point  to  bear  in  mind  is  that 
a race  of  supermen  will  not  be  developed  by 
following  the  advice  given  in  pseudo-scientific 
articles. 

Aluminum  Cooking  Vessels.  One  other  in- 
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stance  of  groundless  fear  in  the  cooking  of 
foods  might  be  referred  to.  If  vegetables  are 
cooked  in  an  aluminum  saucepan,  a dark 
stain  or  deposit  is  often  formed.  The  dark 
deposit  is  not  formed  if  a steel  saucepan  is 
used.  Some  housewives  have  concluded  that 
aluminum  reacts  with  vegetables  to  form  a 
substance  dangerous  to  health  and,  as  a re- 
sult, have  discarded  their  aluminum  ware. 

Aetually,  the  dark  stain  is  iron  and  it  has 
come  from  the  vegetables.  The  reaction  that 
has  taken  place  is 

2A1  + 3Fe+2  2Ab^  + 3Fe 

In  other  words,  some  aluminum  ions  have 
replaced  ferrous  ions  in  the  food.  But  alu- 
minum ions  are  not  harmful.  Indeed,  they 
are  present  in  most  vegetables.  If  an  acid  food 
like  apples  or  tomatoes  is  cooked  in  the 
saucepan,  the  dark  deposit  on  the  saucepan 
disappears  because  the  iron  goes  back  into  the 
food.  There  is  no  scientific  evidence  to  sup- 
port the  idea  that  it  is  harmful  to  cook  in 
aluminum  dishes. 

Self  Diagnosis  and  Self  Treatment.  Another 
of  the  baneful  effects  of  advertising  over  the 
radio  is  the  widespread  use  of  so-called  patent 
medicines.  These  are  drugs  and  medicines 
sold  without  a physician’s  prescription.  The 
sale  of  patent  medicines  has  become  a vast 


business  and  for  the  customer  it  may  be  at- 
tended by  dire  risks.  By  using  patent  medi- 
eines  the  consumer  is  merely  trying  to  treat 
symptoms— he  is  not  remedying  the  causes. 
Such  self  treatment  delays  the  correct  diagno- 
sis of  his  sickness  and  may  result  in  irrepara- 
ble harm. 

One  of  the  most  popular  and  least  harmful 
pain-relievers  (or  analgesics  as  they  are  called 
in  medical  parlance)  is  aspirin.  Aspirin  is 
used  for  headaches,  colds,  all  kinds  of  pains, 
and  even  for  rheumatism.  A medical  journal 
says  of  this  relatively  ‘'safe”  drug,  “Aspirin 
may  be  and  has  been  repeatedly  shown  to  be 
potentially  harmful,  directly  and  indirectly, 
when  taken  indiscriminately.  Its  use  may 
mask  the  symptoms  of  any  number  of  serious 
diseases.” 

But  aspirin  is  relatively  harmless— most 
people  have  it  in  their  medicine  cabinets. 
Other  patent  medicines  contain  habit-forming 
drugs  and  still  others  claim  to  cure  tubercu- 
losis, epilepsy,  and  even  cancer.  This  method 
of  trial  and  error  savors  of  the  Dark  Ages;  it 
is  not  the  scientific  approach.  It  is  hoped 
that  a knowledge  of  chemistry  will  make  one 
aware  of  the  dangers  of  self-medication.  The 
safe  procedure  is  to  get  the  diagnosis  of  a 
physician  and  then  to  follow  his  advice,  which 
is  intended  to  discover  the  cause  of  the 
affliction. 


THINGS  TO  REMEMBER 


Food  supplies  energy  to  keep  the  body  at 
98.6°  F.  and  to  enable  us  to  do  work.  It  also  sup- 
plies materials  to  form  living  tissues. 

A balanced  diet  should  inelude  carbohydrates, 
fats,  proteins,  minerals,  and  vitamins. 

Carbohydrates  are  made  only  by  plants.  Com- 
mon examples  are  sugar  and  starch. 

Proteins  are  present  in  the  cells  of  plants  and 
animals.  They  are  complex  nitrogen  compounds. 

Fats  occur  in  plants  and  animals.  They  are 


complex  compounds  of  carbon,  hydrogen,  and 
oxygen. 

Essential  minerals  in  a diet  are  minute  quan- 
tities of  calcium,  phosphorus,  potassium,  iron, 
magnesium,  sodium,  and  sulfur. 

Vitamins  enable  essential  reactions  in  the 
body  to  take  place.  Without  them  deficiency 
diseases  would  result. 

Cooking  foods  improves  their  flavor,  makes 
them  more  digestible,  and  destroys  bacteria. 
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QUESTIONS 


A 

1.  State  four  essential  uses  of  food. 

2.  How  do  food  particles  reach  the  cells  of 
living  tissue? 

3.  State  the  use  of  the  minerals  calcium  and 
iron. 

4.  Wdiy  is  whole  wheat  flour  a better  food 
than  white  flour? 

5.  (ci)  W hat  are  \ itamins? 

{b)  Wdiy  are  they  named  after  the  first  six 
letters  of  the  alphabet? 

6.  Explain  how  a food  can  be  made  more  di- 
gestible by  cooking. 

7.  W’hat  is  pasteurization  of  milk? 

8.  At  what  temperature  can  fish  be  preserved? 
WTv  is  it  preserved  at  this  temperature? 

B 

9.  W'hat  are  carbohydrates,  proteins,  and  fats? 


Give  two  examples  of  each,  and  state  the 
particular  purpose  they  serve  as  foods. 

10.  W/hat  is  vitamin  B?  In  what  foods  is  it 
obtained?  State  the  diseases  that  would  re- 
sult if  vitamin  B were  omitted  from  the  diet. 

1 1.  Write  briefly  on  vitamins  A,  C,  and  D. 

12.  What  are  bacteria?  Why  should  they  be 
destroyed  in  foods? 

1 3.  Briefly  explain  the  process  of  canning  fruit. 
Give  a reason  for  the  various  steps  involved. 

14.  W^hat  are  food  preservatives?  Give  exam- 
ples of  both  harmless  and  harmful  preserva- 
tives. 

15.  Briefly  discuss  the  merits  of  the  following 
foods:  (a)  whole  wheat  flour,  (b)  white 
flour,  (c)  enriched  white  flour. 

16.  Write  what  you  know  of  the  dark  stain  that 
forms  in  an  aluminum  cooking  vessel. 


PROJECT 


Pasteurization  of  Milk.  Thoroughly  sterilize  two 
bottles  by  immersing  them  in  boiling  water  for 
1 5 minutes  or  so.  Seal  each  bottle  with  absorbent 
cotton  and  put  them  aside  to  cool. 

Pour  about  400  cc  of  raw  unpasteurized  milk 
into  a beaker.  Pour  some  water  into  a one-liter 
beaker  and  place  the  beaker  on  a tripod.  Now  sus- 
pend the  beaker  containing  milk  in  the  one-hter 
beaker  by  means  of  a ring  and  stand.  In  this  way 
the  water  acts  as  a water  boiler  for  the  milk. 
Place  a thermometer  in  the  milk  and,  using  a 
Bunsen  burner,  heat  the  water  in  the  large  beaker. 


Stir  the  milk  with  the  thermometer.  Try  to  keep 
the  temperature  of  the  milk  steady  at  62°  G.  (or 
145°  F.)  for  about  half  an  hour. 

Pour  the  pasteurized  milk  into  one  of  the 
sterilized  bottles,  and  400  cc  of  raw  unpasteurized 
milk  into  the  other.  Seal  the  bottles  with  ab- 
sorbent cotton.  Gool  both  bottles  of  milk  by 
placing  them  in  cold  water  for  half  an  hour  or  so. 

Now  place  the  bottles  on  some  convenient 
shelf.  Examine  the  milk  in  each  bottle  about 
every  two  hours.  Does  the  pasteurized  milk  re- 
main sweet  longer  than  the  unpasteurized  milk? 


REVIEW  QUESTIONS  ON  UNIT  II 


A 

1 . What  was  the  essential  difference  between 
the  Greek  idea  and  Dalton’s  idea  of  atoms 
of  copper? 

2.  What  is  the  essential  difference  between  a 
scientific  law  and  a statute  law? 

3.  Write  two  definitions  of  an  acid,  one  de- 
pending on  ionization. 

4.  State  the  activity  list  of  the  metals. 

5.  Name  the  four  products  formed  if  sodium 
reacts  with  water  and  aluminum  reacts  with 
steam. 


6.  Write  the  symbols  for  two  mono-  and  two 
divalent  metals,  and  two  mono-  and  two 
divalent  non-metals. 

7.  Write  formulas  for:  (a)  zinc  nitride;  (b) 
silver  oxide;  (c)  lead  chloride  (d)  alumi- 
num carbonate;  (e)  sodium  sulfate;  (/)  am- 
monium nitrate;  (g)  calcium  hydroxide. 

8.  How  may  (a)  an  atom  be  converted  into  a 
positive  ion,  and  (b)  a negative  ion  be  con- 
verted into  an  atom? 

9.  By  what  simple  test  would  you  show  the 
presence  of  hydroxide  ions  in  a solution? 

10.  What  is  meant  by  (a)  a carbohydrate,  {b)  a 
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hydrocarbon?  Give  an  example  of  each  and 
write  the  formula. 

1 1 . State  which  of  the  following  substances  oc- 
cur in  nature  and  which  arc  entirely  syn- 
thetic: (a)  sugar;  (b)  paper;  (c)  soap;  (d) 
rubber;  (e)  plastics;  (/)  explosives. 

12.  Write  the  structural  formula  for:  (a)  oc- 
tane; (b)  ethylene. 

13.  What  are  vitamins?  Name  a good  source 
of  vitamin  C 

B 

1 4.  State  the  Law  of  Conservation  of  Mass  and 
explain  why  this  is  a basie  eoncept  in  theo- 
retical chemistry. 

15.  Explain  why  the  “ionization”  definition  of 
an  aeid  is  preferred  to  the  definition  that 
makes  no  reference  to  ionization. 

1 6.  By  means  of  ionic  equations  explain  the  dif- 
ference in  activity  of  the  metals  aluminum 
and  copper  with  dilute  sulfuric  acid. 

17.  Write  balanced  equations  for  the  following 
reactions : 

(a)  magnesium  and  steam 

(b)  iron  and  hydrochlorie  acid 

(c)  sodium  carbonate  + calcium  hydroxide 

sodium  hydroxide  + calcium  carbon- 
ate 


(d)  ammonium  sulfate  + copper  nitrate  — » 
ammonium  nitrate  copper  sulfate. 

18.  Write  equations  to  illustrate  combination 
and  decomposition  reactions. 

1 9.  Describe  an  experiment  you  would  perform 
to  prove  whether  or  not  the  solute  of  a solu- 
tion is  an  eleetrolyte. 

20.  What  is  (a)  a strong  aeid,  (b)  a weak  acid? 
Give  an  example  of  each  and  state  how  you 
could  distinguish  between  them. 

21.  Explain  the  process  of  eopper  plating. 

22.  Gompare  the  roles  played  by  (a)  nature, 
(b)  the  chemist  in  the  manufacture  of 
sugar  and  soap. 

23.  Name  an  important  nitrogen  eompound 
that  cannot  be  synthesized,  and  one  that 
can.  What  is  meant  by  the  term  fixation 
of  nitrogen? 

24.  What  is  meant  by  cracking?  Why  is  this 
an  important  industrial  process? 

25.  What  is  the  difference  in  food  value  be- 
tween a carbohydrate  and  a protein?  Name 
a good  source  of  each  food. 

26.  What  are  bacteria?  In  what  respect  are 
they  (a)  harmful,  (b)  beneficial? 

27.  Explain  why  it  is  necessary  to  proteet  the 
consumer  by  a Food  and  Drug  Act. 
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THE  SUN 


Chapter  v58 


In  earlier  chapters  we  have  seen  how  im- 
portant the  sun  is  to  us.  Without  the  light 
and  heat  of  the  sun  there  would  be  no  life  on 
the  earth.  The  most  vital  of  all  chemical  reac- 
tions is  photosynthesis,  which  depends  on 
light.  Without  sunlight  plants  cannot  make 
chlorophyll;  and  without  chlorophyll  they  can- 
not make  starch  and  sugar,  which  are  the  main 
foods  of  both  plants  and  animals.  In  other 
words,  if  there  were  no  sunlight,  there  would 
be  no  vegetation,  and  without  vegetation  ani- 
mal life  could  not  exist  on  the  land  or  in  the 
sea.  Sea  life,  both  plant  and  animal,  is  the 
source  of  petroleum;  thus  without  sunlight  we 
would  have  no  natural  sources  of  gasoline. 

The  production  of  food  and  petroleum  are 
not  the  only  important  results  of  photosynthe- 
sis. All  plant  cells  have  a membrane  of  cellu- 
lose. This  is  also  true  of  trees,  where  the 
cellulose  forms  the  hard  woody  structure. 
Without  sunlight  there  would  be  no  cellulose; 
without  cellulose  there  would  be  no  trees; 
without  trees  there  would  be  no  coal;  without 
coal  and  oil  our  modern  civilization  could  not 
have  developed. 

Thus  we  see  that  life  on  the  earth  depends 
on  the  light  of  the  sun;  but  the  heat  of  the  sun 
is  as  necessary  to  life  as  the  light.  Without  the 
sun’s  heat  there  would  be  no  evaporation  from 
rivers,  lakes,  and  seas.  Without  evaporation 
there  would  be  no  rainfall,  and  without  rain 
there  would  be  no  water  for  the  crops  of  the 
earth.  Indeed,  without  the  sun  the  tempera- 


ture of  the  whole  earth  would  be  so  low  that 
all  rivers,  seas,  and  lakes  would  be  solid  ice. 

If  the  earth’s  surface  were  not  heated  by  the 
sun,  there  would  be  no  winds,  for  winds  are 
convection  currents  formed  by  the  uneven 
heating  of  the  earth’s  surface.  Without  winds 
there  would  be  no  circulation  of  water  vapor, 
which  is  another  essential  factor  in  sustaining 
life  on  earth. 

Thus  we  see  that  the  sun’s  light  and  heat 
are  essential  to  life  on  earth. 

ANCIENT  ASTRONOMY 

Throughout  the  ages  man  has  been  fasci- 
nated by  the  sun.  The  study  of  the  heavenly 
bodies,  including  the  sun  and  the  earth,  is 
known  as  astronomy.  It  was  the  first  of  the 
sciences  to  be  studied  by  man. 

We  know  from  historical  records  that  thou- 
sands of  years  ago  people  worshiped  the  sun. 
Its  daily  appearance  on  the  eastern  horizon  at 
daybreak,  its  regular  course  across  the  sky 
through  the  day,  and  its  setting  on  the  western 
horizon  were  observed  by  early  man.  Probably 
the  oldest  records  of  religious  worship  now  in 
existence  are  huge  stones  in  Brittany,  France, 
and  at  Stonehenge  in  England.  They  show 
that  men  of  the  New  Stone  Age  observed  the 
motions  of  the  sun,  and  with  those  observa- 
tions they  measured  time. 

Early  man  believed  that  the  sun  and  the 
stars  were  moving  past  him.  He  had  no 
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means  of  knowing  that  he  was  on  a planet 
that  was  moving  because  he  could  not  see 
the  earth  moving.  You  can  put  yourself  in 
a similar  position  if  you  imagine  that  you  are 
in  a train  alongside  another  train  at  a rail- 
road platform.  One  of  the  trains  starts  to 


Courtesy  New  York  City  Park  Dept. 


Fig.  58-1.  This  obelisk  from  Alexandria,  Egypt,  is 
called  Cleopatra's  Needle  and  is  now  in  Central  Park, 
New  York.  It  is  typical  of  the  obelisks  that  were  the 
clocks  and  calendars  of  the  early  Egyptians.  Its 
shadow  moves  with  the  sun's  path  and  lengthens  and 
shortens  with  the  seasons. 

move.  Assuming  that  you  cannot  feel  the 
motion,  how  do  you  find  out  which  train  is 
moving?  If  you  could  not  look  at  the  plat- 
form, which  you  know  is  stationary,  could 
you  tell  whether  your  train  or  the  other  train 
is  moving?  Similarly,  primitive  man  had  no 
evidence  to  judge  by  and  he  made  the  wrong 
guess. 
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Egyptian  Astronomy.  The  ancient  Egyptians 
knew  many  astronomical  facts.  Their  obe- 
lisks, some  of  their  temples,  and  even  some 
details  of  the  construction  of  their  pyramids, 
show  that  their  positions  are  linked  to  that  of 
the  sun  at  a definite  time  of  the  year.  An 
obelisk,  such  as  Cleopatra’s  Needle  (Fig.  58- 
1),  was  used  primarily  as  a sundial.  The  obe- 
lisk, or  shadow  clock,  and  the  pyramids  were 
among  the  earliest  calendars. 

Greek  Astronomy.  The  Greeks  had  a more 
poetic  concept  of  the  sun  than  the  Egyptians. 
To  them  the  sun  was  the  fiery  golden  carriage 
of  the  god  Apollo  racing  across  the  sky.  How- 
ever, a Greek  philosopher  named  Aristarchus 
proposed  the  theory  that  the  sun,  and  not 
the  earth,  was  the  center  of  the  universe.  He 
believed  that  the  earth  revolved  about  the  sun 
in  a circular  orbit;  that  the  earth  was  just  a 
planet,  or  “traveler,”  that  received  its  warmth 
from  the  sun.  But  few  people  agreed  with 
Aristarchus.  The  accepted  theory  of  the  time 
was  announced  by  Aristotle,  one  of  the  great- 
est of  the  Greek  philosophers.  Aristotle  main- 
tained that  the  earth  was  fixed  and  immov- 
able, and  that  the  sun  and  the  other  heavenly 
bodies  moved  around  it.  So  great  was  Aris- 
totle’s influence  that  this  false  theory  was  held 
for  nearly  two  thousand  years. 

The  Egyptian  astronomer  Ptolemy,  basing 
his  views  on  those  of  Aristotle,  devised  a com- 
plete theory  of  the  universe  with  the  earth 
as  an  immovable  sphere  at  its  center.  He  said 
that  the  sun,  moon,  and  stars  rose  in  the  east 
and  set  in  the  west  because  they  moved  in 
circles  around  the  earth.  The  earth  must  be 
a fixed  body,  he  wrote,  because  otherwise  the 
loose  things  on  it,  including  the  air,  would  be 
left  behind.  This  theory  was  not  challenged 
until  the  16th  century. 

ASTRONOMY  IN  THE  16th  AND  17th  CENTURIES 

Copernicus.  In  the  16th  century  a Polish 
astronomer  named  Gopernicus  revived  Aris- 
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tarchus'  ideas  and  supported  them  with  ob- 
servations and  reasoning.  At  that  time  tele- 
scopes had  not  yet  been  invented.  Copernicus 
therefore  found  another  means  of  observing 
the  heavens.  He  cut  slits  in  the  walls  of  his 
house  in  such  positions  that  he  could  watch 
a few  stars  over  many  nights.  He  noticed  that 
the  brightness  of  the  planet  Mars  varied  con- 
siderably. Because  of  these  variations  Coper- 
nicus could  not  believe  that  heavenly  bodies 
remained  at  fixed  distances  from  the  earth. 


Courtesy  Bausch  and  Lomb  Optical  Co. 


Fig.  58-2.  A painting  of  Galileo  demonstrating  his 
first  telescope  from  the  tower  of  St.  Mark's  in  Venice. 

He  explained  the  movement  of  these  heavenly 
bodies  by  supposing  that  once  in  24  hours  the 
earth  rotates  in  a direction  opposite  to  the 
apparent  motion  of  these  bodies.  On  this 
basis  Copernicus  discarded  the  idea  that  a 
gigantic  universe  revolved  about  the  earth. 
Moreover,  he  recognized  the  earth  as  a part 
of  the  sun’s  system  and  distinguished  the 
sun’s  system  from  the  stars.  He  produced 
evidence  that  the  sun  is  the  center  of  the 
solar  system  and  that  the  planets  revolve 
around  the  sun  and  rotate  about  their  own  axes. 
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Galileo.  Early  in  the  17th  centur}'  Galileo, 
the  famous  Italian  scientist,  mathematician, 
and  astronomer,  made  the  first  astronomical 
telescope.  It  was  a small  spyglass  that  could 
be  carried  about.  Although  the  diameter  of 
its  lens  was  only  24  inches,  it  permitted  Gal- 
ileo to  see  100,000  stars  that  had  never  been 
seen  before. 

Galileo  turned  his  telescope  toward  Jupiter 
and,  to  his  amazement,  discovered  four  of  its 
moons.  Moreover,  from  their  positions  on 


Fig.  58-3.  Sir  Isaac  Newton  (1642—1727),  astrono- 
mer, physicist,  and  mathematician. 


successive  nights,  he  noticed  that  the  moons 
were  revolving  around  Jupiter.  This  observa- 
tion disproved  Aristotle’s  theory  that  all  heav- 
enly bodies  revolved  about  the  earth.  From 
many  other  observations  Galileo  concluded 
that  Copernicus’  theory  was  correct,  and  he 
strongly  supported  it. 

By  supporting  the  theory  that  the  sun,  and 
not  the  earth,  is  the  center  of  the  universe, 
he  opposed  the  accepted  views  of  his  time. 
His  writings  were  banned  by  the  Church;  he 
was  brought  to  trial  and  spent  some  time 
in  prison. 
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Newton.  One  of  the  outstanding  contribu- 
tions to  astronomy  was  made  in  the  17th 
century  by  the  English  physicist  Sir  Isaac 
Newton.  Newton  made  the  first  reflecting 
telescope.  It  was  only  6 inches  long,  but  it 
magnified  objects  40  times.  The  concave  mir- 
ror in  this  telescope,  made  of  an  alloy  of  cop- 
per and  tin,  gave  a very  clear  image.  The 
significance  of  Newton’s  contribution  to  the 
science  of  astronomy  is  apparent  when  we 
realize  that  the  giant  telescopes  of  modern 
science  are  of  this  reflecting  type. 


MODERN  ASTRONOMY 

Today  the  many  accessories  attached  to  a 
large  telescope  have  made  it  one  of  the  most 
versatile  of  all  instruments.  For  instance,  a 
spectroscope  attachment  enables  the  astrono- 
mer to  determine  the  chemical  elements  pres- 
ent in  the  source  of  light,  the  temperature 
of  this  source,  and  its  speed  of  motion  through 
space.  The  spectroscope  has  been  the  key  to 
the  solution  of  a number  of  astronomical 
mysteries. 

The  effect  of  the  sun  on  weather  and  on 
radio  communication  is  now  being  investi- 
gated by  means  of  electronic  devices  which 
register  data  either  on  the  ground  or  aloft  in 
rockets  and  balloons.  In  this  way  scientists 
discover  new  information  about  the  iono- 
sphere, which  is  strongly  affected  by  the  sun’s 
radiation. 

Another  astronomical  aid  is  the  photo- 
graphic plate.  As  explained  in  Chapter  42, 
astronomical  telescopes  are  really  cameras;  that 
is,  the  stars  are  not  observed  directly  by  the 
naked  eye  but  are  photographed.  By  this 
method  millions  of  stars  too  faint  to  be  seen 
by  the  eye  are  recorded  by  astronomical  tele- 
scopes. 

These  tools  have  expanded  the  astronomer’s 
view  of  the  universe.  They  have  enabled  him 
to  locate  our  sun  in  space,  and  not  only  to 
study  our  immediate  neighbors,  the  planets, 
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but  also  to  identify  suns  so  far  away  that  their 
light  takes  thousands  of  years  to  reach  us. 

STRUCTURE  OF  THE  SUN 

The  sun  is  a sphere  of  hot  gases  whose 
diameter  is  864,000  miles.  In  spite  of  its  calm 
appearance,  even  through  a low-power  tele- 
scope, we  now  know  that  this  mass  of  gases 
and  vapors  is  in  constant  motion.  Violent 
eruptions  take  place  near  the  surface,  hurling 
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Fig.  58-4.  A solar  prominence  which  extends  almost 
150,000  miles  beyond  the  sun's  surface.  The  small 
white  circle  indicates  the  relative  size  of  the  earth. 

out  gases  at  25,000  miles  per  hour.  Some  of 
these  flaming  gases  appear  on  the  edge  of 
the  sun,  spouting  up  thousands  of  miles  above 
its  surface,  as  shown  in  Fig.  58-4. 

The  Sun's  Temperature.  Astronomers  now 
believe  that  the  temperature  of  the  surface  of 
the  sun  is  about  6000°  C.  and  that  the  tem- 
peratures inside  the  sun  range  from  15  to  30 
million  degrees.  We  cannot  imagine  such 
high  temperatures;  but  for  purposes  of  com- 
parison it  may  be  stated  that  the  temperature 
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of  the  filament  of  an  ordinal  150-watt  light 
bulb  is  about  3000°  C.  An  idea  of  the  amount 
of  heat  radiated  from  the  sun’s  interior  may 
be  gained  from  the  following  comparison.  If 
a coin  the  size  of  a quarter  could  be  heated 
to  the  temperature  of  the  interior  of  the  sun, 
the  radiation  from  it  would  kill  every  living 
plant  and  animal  within  a thousand  miles. 
Probably  the  nearest  approach  to  solar  tem- 
perature was  the  terrific  blast  of  the  atomic 
bomb  dropped  on  Hiroshima  in  1945.  In  this 
explosion  metal  pieces  were  turned  into  vapor, 
as  was  the  steel  tower  in  the  experimental  blast 
in  New  Mexico  earlier  that  year. 

Because  of  the  extremely  high  temperatures 
all  the  substances  on  the  surface  of  the  sun 
must  be  in  a gaseous  state.  The  elements 
sodium,  calcium,  iron,  lead,  and  silver,  for  ex- 
ample, are  present  as  vapor.  The  gases  hydro- 
gen and  helium  are  also  present  There  are 
no  compounds  in  the  sun  because  at  such 
high  temperatures  the  bonds  that  hold  the 
atoms  in  a molecule  are  broken.  Even  if  it 
were  possible  for  a molecule  of  water  to  form 
in  the  sun,  it  would  be  instantly  split  into 
hydrogen  and  oxygen  atoms.  And  many  of 
the  atoms  themselves  are  broken  up  so  that 
electrons  are  stripped  from  the  nuclei;  thus 
in  the  center  of  the  sun  there  may  be  only 
electrons  and  nuclei  whirling  about  at  incred- 
ible speeds. 

Sunspots.  Scattered  intermittently  on  the 
sun’s  surface  are  dark  patches  called  sunspots. 
Sunspots  are  sometimes  observable  without 
a telescope.  They  may  be  so  large  that  the 
earth  placed  inside  one  would  look  like  a 
Ping-pong  ball  inside  a bucket.  If  you  want 
to  look  for  sunspots,  be  sure  to  use  heavily 
smoked  glasses;  protection  of  your  eyes  is 
absolutely  essential. 

Sunspots  appear  dark  because  they  are 
cooler  than  the  rest  of  the  sun’s  surface. 
They  are  thought  to  be  gas  that  has  risen 
from  the  sun’s  interior,  expanded  at  the  sur- 
face, and  cooled.  Even  a small  telescope 


shows  that  the  spots  move  across  the  disk  of 
the  sun,  gradually  changing  in  size  and  struc- 
ture. This  indicates  that  the  sun  rotates 
around  its  axis,  taking  about  twenty-five  days 
for  one  full  rotation. 

The  study  of  sunspots  is  of  great  help  to 
astronomers  and  radio-communication  engi- 
neers. It  is  generally  believed  that  sunspots, 
especially  the  large  ones,  cause  electrical  dis- 
turbances on  the  earth,  affecting  telephone. 
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Fig.  58-5.  A direct  photograph  of  the  sun,  taken  in 
January,  1 926,  showing  the  largest  group  of  sunspots 
ever  photographed.  The  pointers  indicate  the  sun's 
axis  of  rotation. 

telegraph,  and  radio  transmission.  Sunspots 
also  cause  beautiful  displays  of  aurora  bore- 
alis, or  northern  lights,  in  the  night  sky. 

The  Sun  as  a Source  of  Light.  Finally,  let 
us  consider  the  sun  as  a source  of  light.  You 
will  remember  from  Chapter  40  that  the  in- 
tensity of  a source  of  light  is  measured  in 
candle  power  (c.p.).  The  intensity  of  the 
headlight  of  an  automobile,  for  example,  is 
usually  32  c.p.  The  intensity  of  the  sun’s  light 
has  been  measured  and  found  to  be  millions 
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of  millions  of  candle  power.  Actually,  of 
course,  a relatively  small  fraction  of  the  light 
from  the  sun  reaches  us  because  the  light  is 
radiated  in  all  directions.  Nevertheless,  with- 
out that  fraction  every  living  thing  on  the 
earth  would  perish. 

When  we  refer  to  such  things  as  tempera- 

THINGS  TO 

N 

Early  astronomical  knowledge  was  a combina- 
tion of  observations  by  the  unaided  eye  and  a 
great  deal  of  imagination. 

Copernicus,  a Polish  astronomer,  stated  that 
the  sun  is  the  center  of  our  planetary  system, 

Galileo  m2idc  the  first  telescopic  observations 
of  the  skies  and  discovered  four  of  Jupiter’s 
moons. 

Newton  invented  the  reflecting  telescope, 
which  is  the  basis  of  many  modern  telescopes. 
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ture,  pressure,  or  candle  power  in  connection 
with  the  sun,  the  values  are  so  high  that  they 
are  beyond  our  imagination.  In  fact,  the  ad- 
jective astronomical  is  used  to  describe  proper- 
ties that  are  far  beyond  the  realm  of  our  ex- 
perience. In  Chapter  59  we  shall  find  that 
this  is  true  also  of  distances  in  outer  space. 

REMEMBER  — 

The  spectroscope  and  camera  attachments 
have  increased  the  uses  of  the  telescope  and 
therefore  our  knowledge  of  astronomy. 

The  sun  is  an  enormous  mass  of  gases  and 
vapors  in  continuous  turmoil. 

The  surface  temperature  of  the  sun  is  about 
6000  ° C.;  the  inside  temperature  of  the  sun  is 
estimated  at  between  1 5 and  30  million  degrees. 

Sunspots  are  cooler  places  on  the  surface  of  the 
sun. 


1.  What  was  the  probable  use  of  the  obelisk  in 
Egypt? 

2.  What  is  the  meaning  of  the  word  astronomy? 

3.  What  is  the  surface  temperature  of  the  sun? 
What  is  the  estimated  temperatui^  of  the 
center  of  the  sun? 

4.  Give  a few  facts  about  Copernicus. 

PROJ 

1.  Visiting  an  Astronomical  Observatory.  A 
visit  to  an  astronomical  observatory  will  tell 
you  much  about  astronomical  scientific 
methods.  Little  observation  is  done  through 
the  telescope  with  the  eye;  almost  all  research 
is  based  on  a patient  accumulation  of  data 
obtained  from  photographic  plates.  Find  out 
in  advance  whether  any  special  activities  are 
scheduled. 


5.  What  are  sunspots?  What  conclusions  can 
be  drawn  from  the  study  of  sunspots? 

6.  What  were  the  views  of  Aristarchus,  Aristotle, 
and  Ptolemy  on  the  solar  system? 

7.  Who  were  the  following  and  what  did  they 
contribute  to  the  science  of  astronomy:  (a) 
Galileo;  {b)  Newton? 

ECTS 

2.  Visiting  a Planetarium.  Some  cities  in  the 
United  States  have  a remarkable  instrument 
called  a planetarium,  which  shows  a great 
number  of  astronomical  phenomena  in  a 
short  period  of  time.  Such  instruments  ap- 
pear to  speed  up  time  or  roll  time  backward. 
In  the  planetarium  the  motions  of  stars,  the 
tracks  of  planets,  and  the  phases  of  the  moon 
may  be  shown  for  any  time  of  the  year — 
past,  present,  or  future. 
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Chapter 


Perhaps  you  have  wondered  how  our  earth 
came  to  be  formed.  Like  the  other  planets,  it 
was  once  a part  of  the  sun.  How  did  it  be- 
come a separate  body  whirling  on  its  own  axis? 
We  do  not  know  the  positive  answer  to  this 
question,  but  scientists  have  enough  evidence 
to  make  some  intelligent  guesses.  The  conclu- 
sion that  best  fits  the  evidence  is  called  the 
tidal  theory. 

The  Tidal  Theory.  According  to  the  tidal 
theory,  approximately  two  billion  years  ago 
a star  came  close  enough  to  the  sun  to  disturb 
it.  We  can  best  picture  what  happened  by 
imagining  that  we  are  watching  the  sun’s  sur- 
face from  a rocket  ship.  A distant  bright  star 
approaches  the  sun,  traveling  thousands  of 
miles  an  hour.  This  goes  on  for  centuries, 
since  the  distances  between  the  stars  are  in- 
credibly great.  Eventually  the  star  passes  on 
one  side  of  the  sun  and  almost  collides  with 
it.  As  it  passes  the  sun— and  remember  that 
the  diameter  of  the  sun  is  almost  900,000  miles 
—a  gigantic  bulge,  thousands  of  miles  high, 
seems  to  be  forming  on  the  sun’s  surface.  This 
great  bulge  moves  across  the  face  of  the  sun 
following  the  path  of  the  star.  What  is  caus- 
ing this  elevation  of  the  sun’s  surface?  To 
answer  this  question,  we  must  recall  Sir  Isaac 
Newton’s  Law  of  Gravitation:  Every  body  at- 
tracts every  other  body  in  the  universe.  The 
attraction  between  the  earth  and  the  moon  is 
an  example  of  this  law.  The  attraction  be- 
tween the  passing  star  and  the  sun  is  similar 
to  that  between  the  earth  and  the  moon. 


As  the  star  gets  nearer  to  the  sun  its  force 
of  attraction  is  so  strong  that  finally  its  pull 
on  the  bulge  is  greater  than  the  backward  pull 
of  the  sun.  We  can  see  the  bulge  of  fier)' 
gases  being  drawn  from  the  sun.  It  is  follow- 
ing the  trail  of  the  star.  The  star’s  attraction, 
or  pull,  has  torn  an  enormously  long  column 
of  gas  from  the  sun.  Now,  out  in  space  the 
gas  is  cooling  and  condensing  to  enormous 
drops.  It  is  forming  nine  planets  and  their 
moons.  These  huge  drops  have  not  escaped 
from  the  sun  entirely,  however;  they  are  car- 
ried away  from  the  sun,  but  they  revolve 
around  it  in  nearly  circular  orbits.  They  have 
become  part  of  the  sun’s  family.  This  ex- 
planation of  the  origin  of  the  planets  is  known 
as  the  tidal  theory  because  the  attraction  of 
the  sun  and  the  passing  star  resembles  the 
attraction  of  the  earth  and  the  moon,  which 
causes  the  tides. 

The  Dust-Cloud  Theory.  Another  theory  to 
explain  our  solar  system  states  that  our  uni- 
verse was  made  from  gigantic  clouds  of  dust 
and  gas  that  are  known  to  exist  in  space,  and 
that  the  sun  and  the  planets  were  all  formed 
at  the  same  time  from  the  same  cloud  of  dust. 
This  is  known  as  the  dust-cloud  theory. 

What  caused  the  dust  particles  to  unite 
with  each  other?  According  to  the  dust-cloud 
theory,  the  particles  were  pushed  together  by 
the  pressure  exerted  by  the  light  of  the  stars. 
In  this  way  the  particles  were  pressed  close 
enough  for  gravitational  forces  to  be  effective, 
and  thus  they  attracted  one  another.  The 
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Fig.  59-1.  Diagram  of  the  solar  system  including 
the  path  of  Halley's  Comet. 


cloud  then  contracted  faster  and  faster;  as  the 
particles  gravitated  toward  the  center  they  be- 
gan to  rotate  in  a spiral.  Eventually  the  center 
of  the  cloud  condensed  to  form  the  sun,  and 
the  smaller  spiraling  masses,  out  in  space,  con- 
densed to  form  the  planets. 

Thus,  aceording  to  the  tidal  theory,  the  sun 
is  the  parent  of  the  solar  system;  according  to 
the  dust-eloud  theory,  sun  and  planets  origi- 
nated independently  from  a common  source. 

THE  PLANETS 

There  are  nine  known  planets.  The  six 
nearest  the  sun— Mercury,  Venus,  Earth,  Mars, 
Jupiter,  and  Saturn— are  the  brightest  and 
have  been  known  since  early  times.  Because 
of  their  great  distanee  from  the  sun,  the  three 
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outermost  planets  are  faint  and  were  not 
discovered  until  comparatively  recent  times: 
Uranus  in  1781,  Neptune  in  1845,  and  Pluto 
in  1930.  The  planets  nearer  the  sun  are 
brighter  because  planets  shine  only  by  reflect- 
ing the  sun’s  light. 

Each  planet  rotates  around  its  axis,  the  pe- 
riods of  rotation  varying  from  a few  hours  to 
90  days.  And  all  the  planets  revolve  around 
the  sun  in  the  same  direction  in  elliptical 
orbits.  The  time  taken  by  each  planet  to 
travel  around  the  sun  is  called  its  year.  The 
length  of  the  year  is  different  for  each  planet. 
For  example.  Mercury’s  year  is  equal  to  88  of 
our  days,  whereas  Pluto’s  year  is  equal  to  250 
of  our  years. 

The  planets  do  not  revolve  around  the  sun 
at  the  same  speed.  The  nearer  a planet  is  to 
the  sun,  the  greater  its  gravitational  attraction 
to  the  sun,  and  therefore  the  greater  the  speed 
of  its  revolution.  The  speed  of  the  nearer 
planets  must  be  greater  to  counteract  the 
greater  pull  of  the  sun.  If  the  nearer  planets 
did  not  travel  at  exceedingly  high  speeds,  they 
would  be  drawn  back  into  the  sun. 

The  earth  travels  around  the  sun  in  an 
almost  circular  orbit.  Scientists  have  calcu- 
lated the  radius  of  this  orbit— that  is,  the 
distance  from  the  earth  to  the  sun— to  be  93,- 
000,000  miles.  The  diameter  of  the  orbit  is 
therefore  2 X 93,000,000,  or  186,000,000  miles. 
Using  the  algebraic  formula  Tcd  for  circumfer- 
ence, we  can  find  the  length  of  the  earth’s 


Distance  from  Sun 
(millions  of  miles) 

Diameter 

(miles) 

Length  of  Year 

Sun 

864,000 

Mercury 

36 

3,100 

88  days 

Venus 

67 

7,600 

225  days 

Earth 

93 

7,900 

365.25  days 

Mars 

141 

4.300 

1.88  years 

Asteroids 

200-300 

1,300 

1.75  to  13  years 

Jupiter 

483 

87,000 

11.86  years 

Saturn 

886 

72,000 

29.50  years 

Uranus 

1,782 

32,000 

84  years 

Neptune 

2,800 

31,000 

165  years 

Pluto 

3,700 

4,000 

250  years 

THE  SUN'S  FAMILY 


521 


orbit:  3.14  X 186,000,000=  584,000,000  miles. 

We  know  that  the  time  the  earth  takes  to 
complete  its  orbit  is  one  year,  or  3651  clays. 
Multiplying  3651  by  24,  then  by  60,  then  by  60 


Fig.  59-2.  Approximate  sizes  of  the  planets  com- 
pared with  the  sun. 

again,  we  find  that  there  are  approximately 
32,000,000  seconds  in  a year.  The  velocity  of 
the  earth’s  revolution  around  the  sun  is  there- 

. 584,000,000  Tor  -1  j 

tore , or  18.5  miles  per  second. 

32,000,000  ^ 

Mercury.  Mercury,  besides  being  the  smallest 
of  the  planets  ( it  is  not  much  larger  than  our 


moon),  is  the  planet  nearest  to  the  sun.  It 
was  called  Mercury  by  the  ancient  astron- 
omers because,  according  to  Greek  legend, 
Mercury  was  a close  friend  of  Apollo,  the  sun 
god.  The  relative  nearness  of  Mercury  to  the 
sun  interferes  with  our  observation  of  the 
planet.  Because  it  is  always  nearer  the  sun 
than  is  the  earth,  we  cannot  see  it  at  night; 
it  is  visible  only  just  before  dawn  or  in  the 
early  evening. 

Because  of  its  nearness  to  the  sun,  one  half 
of  Mercury  always  faces  the  sun,  the  other 
half  never  turning  toward  it.  The  result  is 
that  the  face  toward  the  sun  becomes  exceed- 
ingly hot— about  as  hot  as  molten  lead.  The 
face  away  from  the  sun  becomes  exceedingly 
cold— about  as  cold  as  dry  ice.  Mercury  ro- 
tates once  on  its  axis  each  time  it  revolves 
around  the  sun. 

Mercury  has  no  atmosphere,  probably  be- 
cause it  does  not  have  sufficient  gravitational 
attraction  to  hold  an  atmosphere.  Because  it 
has  no  atmosphere  and  because  it  always  pre- 
sents the  same  face  to  the  sun.  Mercury  is  like 
the  moon,  except  that  the  moon  is  in  the 
gravitational  grip  of  the  earth.  Without  an 
atmosphere  life  cannot  exist  either  on  Mercury 
or  on  the  moon. 

Venus.  Venus  is  the  next-distant  planet  from 
the  sun  and  the  nearest  to  the  earth.  It  is 
about  the  same  size  as  the  earth.  Except  for 
the  sun  and  moon,  Venus  is  usually  the  most 
brilliant  object  in  the  sky.  At  its  greatest  bril- 
liance it  is  sometimes  plainly  visible  during 
the  day.  Because  it  is  between  the  earth  and 
sun,  Venus,  like  Mercury,  is  most  often  seen 
in  the  morning  or  the  evening. 

Telescopic  observation  shows  that  Venus  is 
covered  with  a dense  atmosphere,  which  pre- 
vents study  of  its  physical  features.  The  spec- 
troscope reveals  that  there  is  little  or  no  oxy- 
gen but  a great  deal  of  carbon  dioxide.  The 
absence  of  oxygen  means  that  Venus  has  no 
life  as  we  know  it,  and  it  is  generally  believed 
that  life  does  not  exist  on  that  planet. 
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Mars.  The  planet  next  farther  away  from  the 
sun  than  the  earth  is  Mars,  which  is  almost 
as  brilliant  in  the  sky  as  Venus.  Mars  has  a 
diameter  about  one-half  that  of  the  earth. 

The  temperature  of  Mars  has  been  carefully 
studied,  particularly  because  there  is  some 
possibility  that  life  exists  on  this  planet.  Tele- 
scopes coneentrate  both  light  and  heat  rays, 
and  sensitive  instruments  attached  to  tele- 
scopes enable  astronomers  to  measure  the 
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with  the  oxygen  in  its  atmosphere,  which  may 
be  forming  a vast  desert  that  covers  about  60 
percent  of  the  surface  of  the  planet.  There  is, 
perhaps  for  this  reason,  little  oxygen  in  Mars’ 
atmosphere.  Patehes  of  green,  perhaps  plant 
growth,  can  also  be  seen. 

There  are  also  snowcaps  and  a regular  net- 
work of  markings.  During  the  winter  two 
snowcaps  appear  around  the  poles;  during  the 
summer  they  disappear,  probably  because  the 


Martian 

Date 


May  II 


May  29 


E.  C.  Slipher  from  Lowell  Observatory 


Martian 

Date 


June  23 


July  31 


Fig.  59-3.  This  series  of  photographs  shows  the  seasonal  changes  on  Mars.  Notice  the 
shrinking  of  the  polar  cap  and  the  growth  of  the  dark  areas  (the  green  belt)  as  the  summer 

season  advances. 


temperature  of  planets  with  considerable  ac- 
curaey.  Thus  we  know  that  the  temperature 
of  Mars  is  lower  than  that  of  the  earth;  the 
maximum  summer  temperature  is  probably 
not  higher  than  from  40°  F.  to  50°  F.  The 
outer  planets  are  very  cold.  Jupiter  is  too  cold 
to  support  life,  and  the  planets  beyond  Jupiter 
have  temperatures  far  below  anything  we  ex- 
perience on  earth. 

A distinetive  feature  of  Mars  is  its  red  color. 
This  is  probably  the  color  of  a mineral  oxide. 
The  minerals  are  thought  to  have  combined 


snow  melts.  Some  astronomers  maintain  that 
the  markings  are  artihcial  canals  built  to  con- 
vey water  for  irrigation  purposes.  There  are 
no  oceans  on  Mars,  and  there  is  less  water 
vapor  in  its  atmosphere  than  in  ours.  Canals 
to  carry  water  from  the  melting  snows  to  sup- 
port plant  life  are,  therefore,  a logieal  supposi- 
tion. However,  to  be  observed  by  a teleseope 
50,000,000  miles  away,  the  eanals  would  have 
to  be  at  least  ten  miles  wide.  This  makes  the 
eanal  theory  somewhat  doubtful. 

However,  the  atmosphere,  the  temperature 


TH  E SUN'S  FAMILY 

range,  and  the  canals  suggest  the  ever-perplex- 
ing questions,  Is  there  life  on  Mars?  Are 
there  Martians?  Although  the  climate,  from 
our  point  of  view,  is  cold  and  forbidding,  it  is 
possible  for  some  forms  of  plant  life  to  exist 
in  it.  The  general  opinion  among  astronomers 
is  that  plant  life  probably  does  exist  and  that 
it  is  remotely  possible  that  there  are  also  some 
forms  of  animal  life. 

The  Asteroids.  Asteroids  are  very  small  plan- 
ets made  up  of  little  chunks  of  rock  whirling 
in  space  like  the  large  planets.  There  are  more 
than  a thousand  of  them.  Their  diameters 
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methane.  Its  temperature  is  about  —200°  F., 
which  means  that  life  is  impossible  there. 

Saturn.  Saturn,  next  to  Jupiter  in  size,  is  par- 
ticularly interesting  because  of  its  satellites.  It 
has  nine  moons,  and,  in  addition,  three  flat 
circular  rings  that  look  something  like  the 
brim  of  a straw  hat.  These  rings,  first  observed 
by  Galileo,  are  composed  of  millions  of  tiny 
solid  bodies.  They  may  have  once  been  a 
moon  that  disintegrated. 

Uranus,  Nepf-une,  and  Pluto.  Uranus,  the 
seventh  planet  from  the  sun,  was  discovered 
by  William  Herschel,  an  English  astronomer, 


From  a drutving  by  Keeler.  Lick  Observatory 

Fig.  59-4.  Saturn. 


vary  from  a few  miles  to  about  300  miles.  Lit- 
tle is  known  about  their  origin,  but  they  ap- 
pear to  be  fragments  of  a satellite  torn  apart 
by  gravitational  stresses.  They  can  be  seen 
only  with  a telescope. 

Jupiter.  Jupiter  is  larger  than  all  the  other 
planets  combined.  Most  of  the  planets  have 
satellites,  or  moons.  Usually  the  larger  the 
planet,  the  more  moons  it  has.  Jupiter  has  at 
least  eleven.  The  four  largest  moons  can  be 
seen  easily  with  binoculars.  It  is  supposed  that 
moons  are  fragments  torn  from  the  planets, 
formed  in  much  the  same  way  that  planets 
were  probably  torn  from  the  sun.  Jupiter’s 
atmosphere  contains  a high  proportion  of 


in  1781.  It  can  barely  be  seen  with  the  un- 
aided eye.  A powerful  telescope  is  needed  to 
see  Neptune  and  Pluto,  which  are  otherwise 
far  beyond  the  limits  of  visibility.  We  will  dis- 
cuss Neptune  and  Pluto  again  (next  page). 

THE  SOLAR  SYSTEM 

What  makes  astronomical  discoveries  pos- 
sible? Underlying  all  work  on  planets  are  the 
Law  of  Motion  and  the  Law  of  Gravitation 
discovered  by  Sir  Isaac  Newton.  The  Law  of 
Motion  states:  If  an  object  is  set  in  motion,  it 
will  continue  moving  forever  in  a straight  line 
unless  it  is  acted  upon  by  some  outside  force. 
In  other  words,  if  a hard  metal  ball  were  set  in 
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motion  on  a perfectly  smooth  surface,  it  would 
continue  to  roll  in  a straight  line  forever  if  it 
were  not  for  the  small  amount  of  friction  be- 
tween the  ball  and  the  surface.  The  greater 
the  friction  the  sooner  the  ball  will  stop.  In 
outer  space,  where  the  planets  and  stars  move, 
friction  is  practically  nonexistent.  These  bod- 
ies would  therefore  move  forever  in  a straight 
line  if  there  were  no  other  force  acting  on 
them. 

Why  do  the  planets  move  in  curved  paths? 
The  answer  to  this  question  is  essentially  the 
same  as  the  answer  to  the  question.  Why 
does  an  apple  fall  to  the  ground?  You  have 
learned  that  it  was  the  observation  of  the  fall- 
ing apple  that  led  Newton  to  the  discovery 
of  the  Law  of  Gravitation,  which  states: 
Every  body  attracts  every  other  body  in  the 
universe.  This  attraction  depends  on  the 
amount  of  matter  in  each  body;  that  is,  the 
greater  the  mass  the  greater  is  the  attractive 
force.  Hence,  if  we  were  to  consider  as  a pair 
the  earth  and  the  sun,  we  could  say,  by  the 
Law  of  Gravitation,  the  sun  attracts  the  earth 
just  as  the  earth  attracts  the  sun.  However, 
the  earth  is  so  much  smaller  than  the  sun  that 
its  motion  is  more  affected  by  the  sun’s  attrac- 
tion than  is  the  sun  by  the  earth’s  attraction. 

You  can  demonstrate  the  motion  of  a 
planet  around  the  sun  by  whirling  above 
your  head  a weight  attached  to  the  end  of  a 
string.  In  this  illustration  you  correspond  to 
the  sun  and  the  weight  corresponds  to  the 
earth.  As  the  weight  is  moved,  your  hand 
exerts  an  inward  pull  on  the  string.  This  pull 
corresponds  to  the  gravitational  attraction  of 
the  sun  on  the  earth.  If  you  suddenly  release 
the  string,  the  weight  flies  off  at  a tangent 
to  the  circle,  according  to  the  Law  of  Motion. 
The  earth  moves  in  a similar  way.  Its  curved 
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path  is  a compromise  between  the  direction 
due  to  the  Law  of  Motion  and  the  direction 
due  to  the  Law  of  Gravitation.  Astronomers 
can  predict  with  exactness  not  only  the  path 
taken  by  every  planet  but  also  the  paths  of 
comets  around  the  sun  and  the  paths  of  the 
shadows  of  eclipses  across  the  face  of  the 
earth. 

The  Discovery  of  Neptune  and  Pluto.  The 

laws  of  motion  of  the  planets  enable  astrono- 
mers to  predict  the  time  at  which  a planet  will 
be  at  a definite  place.  Any  irregularity  in  the 
motion  of  a planet  indicates  that  some  other 
body  is  disturbing  the  motion.  In  fact,  it  was 
such  irregularities  that  led  to  the  discovery  of 
Neptune  and  Pluto. 

Almost  a century  ago  Uranus  was  the  outer- 
most planet  known.  Its  orbit  was  well  deter- 
mined, but  some  irregularities  in  its  course  led 
astronomers  to  suspect  the  existence  of  a dis- 
turbing body.  Two  astronomers,  Leverrier  of 
France  and  Adams  of  England,  independently 
determined  the  position  where  such  a body 
must  be  in  order  to  deflect  Uranus  from  its 
calculated  position.  Leverrier  requested  Galle, 
at  the  Berlin  observatory,  to  search  within  a 
circle  of  one-degree  radius  this  part  of  the  sky. 
Almost  exactly  at  the  spot  predicted  the  new 
planet  Neptune  was  discovered. 

Neptune’s  orbit  was  also  disturbed  in  its  cal- 
culated course,  which  led  scientists  to  believe 
there  was  still  another  planet.  Percival  Lowell, 
at  Flagstaff,  Arizona,  made  his  calculations 
and  began  his  search.  He  died  before  a suc- 
cessful search  was  completed.  But  in  1930 
Pluto  was  found  on  photographs  of  the  region 
where  Lowell  had  forecast  its  discovery.  Pluto 
was  named  after  the  god  of  darkness  because 
it  receives  so  little  light  from  the  sun. 


THINGS  TO  REMEMBER  

Tlie  most  likely  theory  of  the  origin  of  the  of  gases  that  was  broken  into  smaller  masses  to 

planets  appears  to  be  the  tidal  theory;  a star  pass-  form  the  planets  and  their  satellites, 

ing  too  near  our  original  sun  tore  out  a mass  ITie  sun’s  family  is  made  up  of  nine  principal 
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planets  of  different  sizes  and  more  than  a tlion-  The  course  of  every  planet  (and  of  every  satel- 
sand  asteroids.  lite)  is  an  elliptical  orbit. 

All  planets  and  their  satellites  shine  by  re- 
flected light  from  the  sun. 


1.  Why  do  we  call  the  generally  accepted 
theory  of  the  origin  of  the  planets  the  tidal 
theory? 

2.  List  the  principal  planets,  and  for  each 
planet  state  one  or  two  main  characteristics. 

3.  WTich  planets  are  nearer  to  the  sun  than 
the  earth? 

4.  Which  planets  are  outside  the  earth’s  orbit? 

PRO 

To  Make  a Model  of  the  Solar  System.  In  order 
to  get  a good  idea  of  the  relative  sizes  and 
distances  of  the  planets,  imagine  the  following 
fairly  accurate  model  of  the  solar  system.  Or, 
better  still,  lay  out  part  of  the  model  on  the 
school  ground  or  in  some  other  open  area. 

If  the  sun  is  represented  by  a basketball. 
Mercury  would  be  half  as  big  as  a pinhead  40 
feet  away.  On  this  scale  the  dimensions  of  the 
remaining  planets  would  be  Venus  as  large  as 
an  apple  seed,  80  feet  from  the  sun;  Earth,  same 


IONS 

5.  State  the  two  physical  laws  that  explain  the 
motion  of  the  planets  round  the  sun. 

6.  Explain  why  there  is  no  atmosphere  on  the 
planet  Mercury. 

B ' 

7.  Give  a brief  account  of  the  tidal  theory  of 
the  origin  of  the  planets. 

8.  Write  a brief  account  of  the  dust-cloud 
theory. 

9.  Could  there  be  life  on  Mars?  Explain. 

ECT 

size  as  Venus,  110  feet  from  the  sun;  Moon,  one- 
third  of  a pinhead,  3.5  inches  from  the  Earth; 
Mars,  a small  apple  seed,  160  feet  from  the  sun; 
asteroids,  specks  of  dust  to  fine  sand,  250  to  350 
feet  from  the  sun;  Jupiter,  a Ping-pong  ball, 
560  feet  from  the  sun;  Uranus,  a marble  % mile 
from  the  sun;  Neptune,  a marble  % mile  from 
the  sun;  Pluto,  a small  apple  seed,  % mile  from 
the  sun.  The  nearest  star  would  be  a basketball, 
5,000  miles  away. 


chapter  60 

COMETS,  METEORS,  AND  THE  MOON 


Comets.  The  appearance  of  a comet  in  the 
sky  was  once  regarded  as  an  omen  of  impend- 
ing disaster.  Large  ones,  like  Halley’s  Comet, 
that  can  be  seen  with  the  naked  eye,  are  un- 
usual occurrences;  generally  comets  can  be 
seen  only  with  a telescope. 

Comets  are  composed  of  gases  at  extremely 
low  pressure  and  of  dust  particles  that  are 
sometimes  as  large  as  a pea  or  a walnut.  They 
may  be  as  large  as  10,000  miles  in  diameter  at 
the  head,  or  nucleus,  and  the  tails  may  stretch 


Fig.  60-1.  The  tail  of  a comet  is  directed  away  from 
the  sun. 

out  for  several  million  miles.  As  the  comet 
approaches  the  sun,  the  sun’s  radiation  exerts 
enough  pressure  to  force  gases  out  of  the  cen- 
ter nucleus  to  form  the  tail.  The  tail  therefore 
always  points  away  from  the  sun.  As  the 
comet  approaches  the  sun,  its  tail  is  behind;  as 
it  leaves  the  sun,  its  tail  is  in  front.  Like  other 
members  of  the  solar  system,  comets  move  in 
elliptical  orbits.  They  approach  the  sun  with 
increasing  speed  until  they  get  as  near  as  their 
orbit  allows;  then  they  move  away  with  de- 
creasing speed  as  they  pass  farther  and  farther 
into  space. 


Halley’s  Comet  has  appeared  with  great  reg- 
ularity every  seventy-six  years.  Some  of  its 
recorded  appearances  are  among  the  oldest 
astronomical  observations.  The  British  astron- 
omer Halley  observed  this  great  comet  in  1682, 
calculated  its  orbit,  and  predicted  its  return  in 


Lowell  Observatory 


Fig.  60-2.  Halley's  Comet,  photographed  before 
dawn  on  May  13,  1910.  The  bright  object  on  the 
right  of  the  photograph  is  the  planet  Venus. 
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1757.  This  was  the  first  prediction  of  a com- 
et's return.  The  most  recent  appearance  of 
Halley's  Comet  was  in  1910,  when  the  earth 
actually  passed  through  its  tail  without  notice- 
able effect.  A comet's  tail,  which  is  usually 
several  million  miles  long,  is  so  thin  that  we 
can  look  through  it  and  see  the  stars  without 
interference.  See  Fig.  59-1. 

Meteors  and  Meteorites.  Some  comets  have 
literally  been  torn  to  pieces  and  have  disap- 
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meteors  by  thousands  of  degrees  and  almost 
always  burns  them  up.  Rarely  does  a meteor 
reach  the  earth's  surface  before  it  is  completely 
consumed.  A meteor  found  on  the  earth  is 
called  a meteorite.  Most  meteorites  are  stony; 
others  are  iron.  Some  rare  ones  contain  nickel 
or  traces  of  platinum. 

The  largest  meteorite  to  fall  in  the  United 
States  struck  with  explosive  violence  in  the 
Arizona  desert  area  approximately  fifty  thou- 
sand years  ago.  This  meteorite  must  have 


Photo  from  Oak  Ridge  Station  of  Harvard  Observatory 

Fig.  60-3.  Trail  of  a meteor.  The  star  cluster,  behind  the  meteor,  shows  by  contrast  the 

brilliance  of  the  meteor. 


peared  completely.  In  their  places  showers  of 
meteors  ( often  miscalled  shooting  stars ) have 
appeared.  It  is  now  almost  certain  that  some 
meteors  are  remnants  of  comets.  Meteors  are 
usually  about  the  size  of  a pea.  However,  they 
travel  at  speeds  of  between  30,000  and  160,000 
miles  an  hour.  They  are  invisible  until  they 
enter  the  upper  layers  of  our  atmosphere.  At 
heights  of  from  20  to  80  miles  above  the  earth 
the  air  is  dense  enough  so  that  friction  with 
the  atmosphere  raises  the  temperatures  of 


weighed  more  than  ten  million  tons,  and  it 
hit  the  earth  at  an  estimated  speed  of  1 50,000 
miles  an  hour.  The  crater  it  formed  is  nearly 
a mile  wide  and  600  feet  deep. 

THE  MOON 

The  moon  is  a comparatively  small  body, 
only  about  2,000  miles  in  diameter.  Yet  it 
shines  so  brilliantly  and  seems  so  near  the 
earth  that  it  has  attracted  man's  attention 
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Mount  Wilson  Observatory 

Fig.  60-4.  Southern  portion  of  the  moon  at  last 
quarter. 


since  the  dawn  of  history.  Since  remote  ages 
of  the  past,  calendars  have  been  based  on  the 
moon’s  revolution  around  the  earth  in  27^ 
days.  The  oldest  Hebrew  calendar  and  the 
elaborate  calendar  of  the  Mayas  of  Central 
America,  for  example,  were  based  on  lunar 
observations. 

Like  the  planets,  our  satellite,  the  moon. 
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shines  only  by  reflected  sunlight.  The  sun- 
light reflected  by  the  moon  is  changed  to  a 
certain  extent  by  the  nature  of  the  surface  of 
the  moon.  The  study  of  the  moon’s  light  has 
revealed  that  the  surface  of  the  moon  is 
covered  by  thousands  of  craters.  The  origin  of 
these  craters  is  obscure,  but  it  probably  is  vol- 
canic. 

Like  the  earth,  the  moon  has  two  kinds  of 
motion;  it  rotates  on  its  axis  and  it  revolves 
around  the  earth.  The  time  consumed  in  one 
rotation  is  the  same  as  the  time  taken  for  one 
revolution,  namely  27^  days,  which  means  that 
the  moon  always  keeps  the  same  side  of  its 
bulk  toward  the  earth.  Man  therefore  does 
not  know  what  the  other  side  of  the  moon 
looks  like.  Its  motion  relative  to  the  earth  and 
the  sun  makes  it  appear  in  different  forms,  or 
phases,  such  as  full  moon,  half-moon,  crescent 
and  waning  moon,  at  different  times  of  its  ro- 
tation. A project  at  the  end  of  the  chapter 
illustrates  the  different  phases  of  the  moon  in 
the  course  of  one  revolution. 

Conditions  on  the  Moon's  Surface.  There 
is  no  atmosphere  on  the  moon  because  its 
gravitational  attraction  is  too  small  to  hold 
one.  The  absence  of  atmosphere  and  water 
makes  the  moon  a far  different  place  from  the 
earth. 

If  we  could  travel  to  the  moon  by  rocket, 
what  would  we  find  there?  We  would  see 
both  sun  and  stars,  even  by  day,  in  a black 
sky.  The  stars  would  appear  brighter  than 
they  appear  when  seen  from  the  earth,  and  we 
would  be  able  to  see  more  of  them.  How  do 


Fig.  60-5.  A solar  eclipse. 
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Fig.  60-6.  A lunar  eclipse. 


vve  know  that  we  would  observe  these  things? 
There  would  be  no  rain  or  snow  or  fog,  nor 
would  we  see  any  beautiful  sunsets.  Do  you 
understand  why? 

A day  on  the  moon  would  last  two  weeks, 
and  a night  would  also  last  two  weeks.  Can 
you  explain  this?  During  the  day  the  tempera- 
ture would  rise  to  about  200°  F.  and  during 
the  night  it  would  drop  to  about  —200°  F. 
And  there  are  no  sounds  on  the  moon;  not 
e\’en  the  crash  of  a large  meteorite  could  be 
heard.  Can  you  explain  this?  The  moun- 
tain peaks  on  the  moon  rise  in  almost  vertical 
columns  to  25,000  feet.  There  has  been  no 
atmospheric  erosion  or  weathering  through 
the  ages— little  to  wear  the  jagged  edges  of 
rocks,  nothing  to  soften  the  grim  scene.  The 
moon  would  be  a frightening,  fascinating 
place— a dead  and  silent  world. 

Eclipses.  In  spite  of  its  small  size  the  moon 
from  time  to  time  blocks  the  light  of  the  sun 
from  a region  of  the  earth.  This  happens 
when  the  moon  is  passing  between  the  sun 
and  the  earth.  We  then  have  a total  eclipse  of 
the  sun.  As  the  earth  rotates,  the  region  of 
darkness  (seldom  over  160  miles  wide)  travels 
f cross  the  surface  of  the  earth  as  shown  in  Fig. 
60-5.  Conversely,  when  the  earth  passes  be- 
I'.veen  the  moon  and  the  sun,  there  is  an 
eclipse  of  the  moon  (see  Fig.  60-6) . Then  the 
shadow  of  the  earth  makes  the  pale  cold  light 
of  the  moon  paler.  When  the  shadow  is  larg- 
est, the  moon  turns  coppery  red.  As  the  earth 
moves  on,  the  moon  gradually  ceases  to  be 


eclipsed.  An  eclipse  of  either  the  moon  or  the 
sun  is  possible  only  when  the  sun,  earth,  and 
moon  lie  in  the  same  straight  line.  The  proj- 
ect at  the  end  of  this  chapter  will  show  how 
such  eclipses  occur. 

Tides.  The  formation  of  tides  is  due  to  the 
attraction  between  the  earth  and  the  moon. 
The  moon  attracts  the  ocean,  and  the  water 
piles  up  under  the  moon  to  form  a high  tide. 
Similarly,  another  high  tide,  though  not  so 


Fig.  60-7.  Spring  and  neap  tides. 
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high,  is  formed  on  the  opposite  side  of  the 
earth.  To  allow  for  this  piling  up,  the  water 
is  drawn  from  the  sides,  thereby  forming  Zow 
tides  between  the  places  of  high  tide. 

As  the  earth  rotates  on  its  axis,  it  brings 
different  places  under  the  moon  so  that  they 
in  turn  experience  high  tide.  If  the  moon  did 
not  move,  there  would  be  two  high  tides  with 
every  rotation  of  the  earth — that  is,  every  24 
hours.  But  because  the  moon  revolves  in  the 
same  direction  as  the  earth  rotates,  a place  on 
the  earth  must  make  more  than  a full  circle 
to  come  under  the  moon  again.  This  extra 
rotation  takes  50  minutes.  Hence  there  are 
two  tides  every  24  hours  and  50  minutes;  or, 

THINGS  T 

Comets  are  masses  of  gas  and  dust  of  tre- 
mendous size  and  low  density.  They  travel  like 
planets  in  elliptieal  orbits  around  the  sun. 

Meteors  are  remnants  of  comets. 

Meteorites  are  remnants  of  meteors  that  have 
not  been  completely  consumed  by  the  heat  of 
atmospheric  friction. 


1 . What  is  the  difference  between  a meteor  and 
a meteorite? 

2.  What  is  the  period  of  revolution  of  the 
moon? 

3.  Compare  the  diameter  of  the  moon  with  that 
of  the  earth. 

4.  What  are  spring  tides?  neap  tides? 
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stated  another  way,  high  tide  occurs  at  inter- 
vals of  12  hours  and  25  minutes. 

The  sun  also  causes  tides,  but  because  the 
sun  is  much  farther  away  than  the  moon  it  is 
less  effective.  However,  if  the  sun  and  the 
moon  are  in  line,  either  on  the  same  or  on 
opposite  sides  of  the  earth,  the  lunar  and  solar 
attractions  reinforce  each  other  and  cause  very 
high  tides,  known  as  spring  tides.  Spring  tides 
occur  at  full  moon  or  new  moon. 

If,  on  the  other  hand,  the  sun  and  moon 
form  a right  angle  with  the  earth,  lower  tides, 
called  neap  tides,  are  formed.  Neap  tides  oc- 
cur when  the  moon  is  in  either  the  first  or  the 
third  quarter  of  its  orbit. 

REMEMBER  

Our  moon  is  a typical  satellite  of  a planet. 

The  phases  of  the  moon  are  due  to  the  revolu- 
tion of  the  moon  around  the  earth. 

Eclipses  are  due  to  an  alignment  of  the  sun, 
moon,  and  earth. 

Tides  are  caused  by  the  gravitational  pull  of 
the  moon  and  the  sun. 


5.  Briefly  describe  a comet. 

6.  Describe,  drawing  a diagram,  what  happens 
when  there  is  an  eclipse  of:  (a)  the  sun; 
{b)  the  moon. 

7.  Explain  how  tides  are  caused. 

8.  Viewed  from  the  moon,  the  sky  would  ap- 
pear black.  Explain  why. 


PROJECT 


To  Prepare  a Model  of  the  Phases  of  the  Moon. 
In  order  to  study  the  phases  of  the  moon,  we 
need  a source  of  light  to  represent  the  sun  and 
a white  ball  of  wood,  plaster,  or  soap  to  represent 
the  moon.  Soap  is  particularly  good  because  it 
can  be  easily  shaped  to  represent  the  main  fea- 
tures of  the  moon,  which  can  be  found  in  books 
on  astronomy  or  in  periodicals  such  as  Sky 
and  Telescope.  The  “moon”  should  be  mounted 
on  a stand.  To  make  the  light  effects  more 
striking,  the  room  should  be  darkened.  Cover 
a 25-watt  bulb  with  a tin  can  (which  acts  as 


a screen),  from  which  one  end  has  been  re- 
moved. In  the  side  of  the  can  cut  a hole  large 
enough  for  the  bulb  to  pass  through.  Then  place 
the  can  over  the  bulb  with  the  open  end  horizon- 
tal. 

The  light  is  directed  toward  the  observer.  The 
moon  is  moved  counterclockwise  along  a circular 
path  around  the  observer.  The  observer  will 
study  the  appearance  of  the  moon  in  successive 
positions  with  respect  to  the  line  earth-sun.  The 
phases — new  moon,  first  quarter,  full  moon,  and 
last  quarter — will  be  recognized  easily. 
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Have  you  ever  watched  the  sky  in  the  coun- 
ty on  a clear  autumn  night?  When  there  is 
no  artificial  light  the  stars  seem  almost  close 
enough  to  touch.  At  such  a time  we  wonder 
at  the  immensity  of  the  universe.  Modern 
astronomy  helps  us,  perhaps  more  than  any 
other  science,  to  appreciate  its  majesty.  The 
picture  that  the  astronomer  paints,  though 
still  far  from  complete,  is  continually  becom- 
ing more  detailed. 

STARS 

All  visible  stars  (and  the  countless  invisible 
ones)  are  suns.  Some  of  these  suns  are  many 
times  larger  than  our  sun,  and  others  are  much 
smaller.  Probably  4,000  or  5,000  stars  are  vis- 
ible to  the  naked  eye,  and  about  100,000  can 
be  seen  with  binoculars.  But  no  astronomer 
has  ever  counted  the  stars,  because  even  the 
most  powerful  telescope  cannot  detect  the 
most  distant  ones. 

Differences  between  Stars  and  Planets. 

One  difference  between  stars  and  planets  is 
that  the  planets  appear  to  move,  whereas  the 
stars  seem  to  be  stationary.  The  stars  really 
move  at  high  speeds,  but  they  are  so  far  away 
from  us  that  through  centuries  of  time  they 
seem  to  remain  in  the  same  position.  Most  of 
the  stars  still  appear  to  be  in  the  positions 
they  occupied  when  the  ancient  astronomers 
charted  them. 

Through  a telescope  the  nearer  planets  can 
be  magnified  to  look  as  large  as  the  moon.  But 


no  telescope  has  yet  been  constructed  that  will 
magnify  the  distant  stars  to  anything  larger 
than  points  of  light.  Telescopes  do,  however, 
make  the  stars  appear  brighter. 

Another  difference  between  planets  and 
stars  is  the  way  in  which  they  shine.  The 
planets  are  solid  and  shine  only  by  reflecting 
the  light  of  the  sun.  The  stars,  on  the  other 
hand,  are  gaseous  and  are  exceedingly  hot. 
The  light  they  emit  is  their  own  incandes- 
cence. 

Density  of  Stars.  The  density  of  the  material 
in  some  of  the  stars  is  so  low  as  to  be  compa- 
rable to  the  best  vacuum  obtainable  in  a labo- 
ratory. Samples  of  such  material  would  be 
lighter  than  our  atmosphere.  Yet  the  stars  are 
so  large  that,  in  spite  of  their  gaseous  state, 
they  are  exceedingly  heavy,  some  of  them 
weighing  much  more  than  our  sun.  Other 
stars,  however,  are  composed  of  material  so 
heavy  that  a cubic  inch  of  it  would  weigh  at 
least  a ton,  and  a strong  derrick  would  be 
needed  to  lift  a piece  the  size  of  a grapefruit. 

Magnitude  and  Color  of  Stars.  By  the  mag- 
nitude of  stars  we  mean  their  apparent  bright- 
ness, which  ranges  from  a magnitude  of  about 
1 to  a magnitude  of  6.  This  scale  of  magni- 
tudes is  arranged  so  that  a star  of  magnitude 
1 is  two  and  a half  times  as  bright  as  a star  of 
magnitude  2,  which  in  turn  is  two  and  a half 
times  as  bright  as  a star  of  magnitude  3,  and 
so  on. 

The  different  colors  of  the  stars  that  can  be 
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seen  by  the  naked  eye  are  due  to  diflerences 
in  temperature;  a yellow  star  is  hotter  than  a 
red  star,  and  a blue  star  is  hotter  than  a yellow 
star. 

Star  Distances.  The  distances  of  the  stars 
from  the  earth  are  indeed  astronomical.  As- 
tronomers have  therefore  devised  a unit,  the 
light-year,  in  which  to  express  them.  Light 


Mount  Wilson  Observatory 


Fig.  61—1.  View  toward  the  center  of  the  Milky  Way 
where  the  concentration  of  stars  is  greatest.  The 
photograph  shows  the  great  cloud  of  dust  in  Sagit- 
tarius, just  below  the  center  of  the  picture. 

travels  at  the  rate  of  186,000  miles  per  second, 
or  11,100,000  miles  per  minute.  The  distance 
from  the  sun  to  the  earth  is  93,000,000  miles, 
and  from  the  sun  to  Pluto,  the  outermost 
planet  in  our  solar  system,  3,670,000,000  miles. 
It  therefore  takes  light  8^  minutes  to  travel 
from  the  sun  to  the  earth,  and  331  minutes 
to  travel  from  the  sun  to  Pluto.  In  other 
words,  we  could  express  these  distances  as  8^ 
and  331  light-minutes.  But  this  scale  is  too 
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small  to  measure  star  distances.  The  distance 
from  the  earth  to  Alpha  Centauri,  the  nearest 
star  beyond  the  gap  that  separates  our  solar 
system  from  the  rest  of  the  universe,  is  134,- 
000,000  light-minutes.  This  distance  is  better 
expressed  as  4^  light-years,  meaning  that  it 
takes  the  light  of  Alpha  Centauri  4i  years  to 
reach  the  earth.  The  light  from  more  distant 
stars  may  take  500  or  even  2,000,000  light-years 
to  reach  us.  Astronomical  distances,  then,  are 
reckoned  in  light-years. 

Demonstration  61 — 1.  Comparison  of  the  Astronomical 
Unit  and  Light-Year, 

The  sun-earth  distance  of  93,000,000  miles  is 
often  used  as  a unit  to  express  distances  within 
the  solar  system.  This  is  the  distance  traveled 
in  8|  minutes  by  light.  Using  a large  roll  of 
paper  tape  like  that  used  in  an  adding  machine, 
mark  a starting  point  for  the  position  of  the  sun. 
Taking  a unit  of  1 millimeter  for  the  distance 
traveled  by  light  in  one  minute,  locate  the  posi- 
tion of  the  earth  and  the  position  of  Pluto  on 
the  roll.  (Using  the  distances  given  in  the  table 
in  Chapter  59,  calculate  the  proportional  length 
needed  on  this  scale.)  Now  calculate  the  num- 
ber of  minutes  in  4.3  years  and  place  a mark  on 
the  roll  for  the  position  of  the  nearest  star.  Ex- 
plain your  results  in  terms  of  distance. 


HOW  ARE  STARS  DISTRIBUTED  IN  SPACE.? 

Astronomically  speaking,  most  of  the  stars 
we  see  are  merely  in  the  foreground  of  the 


^ 100,000  LIGHT  YEARS  ► 

Fig.  61-2.  The  star  system  of  the  Milky  Way.  Note 
the  position  of  the  sun  about  midway  between  the 
center  and  the  rim. 

picture  of  the  universe.  Beyond  them  is  the 
great  belt  of  pearly  light  known  as  the  Milky 
Way,  made  up  of  millions  of  stars.  And  be- 
yond the  Milky  Way  astronomers  have  picked 
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up  light  from  swaniis  of  stars  more  than  150,- 
000  light-years  away. 

The  Milky  Way.  On  a clear  starry  night,  par- 
ticularly when  there  is  no  moonlight,  you  may 
have  noticed  a broad  band  of  faint  stars  across 
the  skies.  This  is  the  Milky  Way,  a name  first 
used  by  the  ancient  Greeks.  Examined  with 
the  field  glasses,  the  luminous  veil  of  the  Milky 
W^ay  shows  a tremendous  number  of  faint 
stars. 
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cles  the  earth.  Astronomers  have  learned 
through  photography  that  in  the  Milky  Way 
there  are  strangely  luminous  masses  of  gas  and 
stars  which  are  called  nebulae.  We  shall  dis- 
cuss these  nebulae  later  in  this  chapter. 

The  Milky  Way  can  be  compared  to  an 
enormous  wheel  of  stars  rotating  in  space. 
The  sun  is  about  midway  between  the  hub  and 
the  rim,  or  about  30,000  light-years  from  the 
hub  of  the  system.  (Sec  Fig.  56-2.) 

The  accumulation  of  millions  of  stars  in  our 


From  Atlas  Celeste  de  Flamsteed,  1776 


Fig.  61-3.  Orion  and  Taurus. 


Where  there  is  apparently  only  a dim  glow 
of  light  a small  telescope  can  distinguish  many 
more  stars  in  the  same  field,  and  a photo- 
graph of  such  a field  would  show  an  almost 
unbelievable  number  of  stars.  The  farther  we 
go  to  the  right  and  left  of  the  Milky  Way,  the 
fewer  is  the  number  of  visible  stars.  The 
Milky  Way  therefore  represents  a high  concen- 
tration of  stars  in  a narrow  zone. 

In  clear  regions  the  band  of  the  Milky  Way 
touches  the  horizon,  and  from  observations  be- 
low the  equator  we  know  that  this  band  encir- 


Milky  Way  system  is  called  a galaxy.  From 
measurements  it  appears  that  our  galaxy  has  a 
diameter  of  about  100,000  light-years.  Almost 
all  the  visible  stars  are  located  within  this  dis- 
tance. 

Constellal-ions.  Have  you  ever  noticed  that 
certain  stars  appear  to  form  definite  figures? 
About  four  thousand  years  ago  imaginative 
Arab  and  Greek  astronomers  associated  these 
patterns  with  real  or  fanciful  creatures.  Many 
of  their  names,  such  as  Lion,  Great  Bear,  Bull, 
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Dragon,  Scorpion,  and  Orion,  have  survived, 
and  their  elassieal  names— Leo,  Ursa  Major, 
Taurus,  Draco,  Scorpius,  and  Orion — are  still 
used  for  some  of  the  star  patterns,  or  constella- 
tions. The  constellations  divide  the  sky  into 
regions.  Ptolemy  reeognized  48  eonstellations; 
the  sky  is  now  divided  into  90  eonstellations. 
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laurus.  The  outstanding  exeeption  to  this 
method  of  labeling  stars  is  in  the  eonstellation 
Ursa  Major  (the  Great  Bear  or  Big  Dipper), 
where  the  letters  are  given  in  the  order  of 
sequenee  in  the  eonstellation  instead  of  in 
the  order  of  brightness. 

Beeause  of  the  rotation  of  the  earth  on  its 


The  stars  in  each  constellation  are  identi- 
fied by  Greek  letters,  and  most  of  the  brighter 
stars  have  names  originating  in  the  past. 
Usually  the  brightest  star  in  a eonstellation 
is  known  by  the  first  letter  in  the  Greek  alpha- 
bet, alpha;  the  next  brightest  by  the  seeond 
letter,  beta,  and  so  on  through  the  Greek 
alphabet.  Thus  Alpha  Centauri  designates 
the  brightest  star  in  the  eonstellation  Gen- 


axis,  all  the  constellations  appear  to  rotate 
around  Polaris.  Polaris  is  almost  exactly  over 
the  North  Pole  of  the  earth.  It  is  therefore 
also  called  the  North  Star  or  polestar.  If  the 
earth’s  axis  were  extended  indefinitely,  it 
would  appear  to  be  directed  straight  at  Po- 
laris. 

As  the  earth  speeds  along  its  course  around 
the  sun,  different  regions  of  the  heavens  are 
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seen  from  the  darkened  side  of  our  globe. 
Thus,  some  constellations  are  visible  at  one 
season  and  not  at  another.  The  constellation 
Orion  (the  Hunter),  for  instance,  is  easily 
recognizable  in  the  winter  sky  but  is  not  vis- 
ible during  the  short  summer  nights.  The 
constellation  Hercules,  on  the  other  hand,  is 
easily  observed  during  the  summer  but  not 
during  the  winter. 

It  is  a simple  matter  to  learn  the  names  of 
the  principal  constellations  and  their  bright- 
est stars.  There  are  many  books  and  charts 
that  will  help  you  to  determine  the  names  and 
locations  of  stars.  Furthermore,  many  ama- 
teur astronomers  are  grouped  into  societies 


Fig.  61-5.  Relative  positions  of  the  Big  Dipper  and 
Polaris  about  8 P.M.  on  October  1 . 

that  organize  public  observation  nights  and 
constellation  classes. 

Probably  the  best-known  constellation  is 
Ursa  Major,  the  Great  Bear.  It  is  usually 
called  the  Big  Dipper  because  the  seven 
brightest  stars  in  it  are  arranged  in  the  form 
of  a dipper.  The  two  stars  in  the  side  of  the 
Dipper  farthest  from  the  handle  serve  as 
pointers  in  locating  Polaris.  Once  you  have 
located  Ursa  Major,  you  will  easily  find  other 
nearby  constellations  with  the  help  of  a star 
map. 

It  should  be  remembered  that  stars  in  the 
same  constellation  are  not  necessarily  near 
one  another,  and  that  stars  that  appear  to  be 
rather  close  together  may  actually  be  enor- 
mous distances  apart. 
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Gaseous  Nebulae.  Besides  stars,  our  Milky 
Way  has  other  remarkable  objects  called 
gaseous  nebulae.  Perhaps  the  best  example, 
barely  visible  to  the  naked  eye,  lies  in  the  con- 
stellation Orion.  The  middle  “star”  of  Orion’s 
sword  appears  to  be  slightly  hazy.  A photo- 
graph of  this  region  shows  that  this  hazy 


Mount  Wilson  Observatory 

Fig.  61-6.  Constellation  of  Orion.  This  photograph 
covers  almost  one-twentieth  of  the  whole  sky.  Sirius, 
the  brightest  star  in  the  sky,  appears  near  the  lower 
left  corner. 


patch  is  actually  a mass  of  gas  made  luminous 
by  the  presence  of  a group  of  stars  and  partly 
obscured  by  dark  matter  located  between  the 
gas  mass  and  the  earth.  These  nebulae,  which 
are  most  frequent  in  the  region  of  the  Milky 
Way,  are  not  seen  easily  by  the  eye  or  even 
by  telescope;  but  photography  has  revealed  a 
large  number  of  them. 


536 

Dark  Clouds  of  Matter.  A perplexing  ele- 
ment of  our  galaxy  is  eosmic  dust,  which  has 
been  revealed  by  the  curious  lessening  in  num- 
ber or  by  the  absence  of  stars  in  some  parts 
of  the  skies.  Astronomers  now  have  proof 
that  the  stars  are  not  really  absent  in  these 
“empty”  regions  but  that  between  the  stars 
and  the  observer  there  are  large  clouds  of 
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enough  to  cut  off  the  light  of  millions  of  stars. 
It  is  easily  visible  in  August  and  September. 

Outside  Galaxies.  Observation  of  the  re- 
gion of  Andromeda  by  the  unaided  eye  shows 
a distinct  spot  of  faint  light.  Field  glasses 
reveal  an  oval  area  of  light,  which  exhibits 
all  its  beauty  only  when  observed  with  the 
telescope  or  the  photographic  plate.  This  is 
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dark  matter  that  blot  out  the  starlight.  The 
best  example  of  such  an  obscuring  cloud  of 
dust,  clearly  visible  to  the  naked  eye,  is  seen 
by  observing  the  Milky  Way  from  the  region 
of  Cygnus,  through  Aquila,  and  toward 
Sagittarius  and  Scorpius  (see  Fig.  61-1).  It 
appears  to  be  split  in  two  in  an  irregular  way. 
This  big  rift  in  the  Milky  Way  is  really  an 
optical  illusion  due  to  the  presence  of  a long 
cloud  of  matter  nonluminous  and  opaque 


the  great  nebula  in  Andromeda.  Unlike  the 
Orion  nebula,  which  is  a part  of  our  own 
galaxy,  the  nebula  in  Andromeda  is  one  of  a 
large  number  of  galaxies  outside  our  own. 

In  recent  years  astronomical  photography 
has  revealed  individual  stars  in  this  outside 
galaxy.  The  number  of  stars  is  similar  to  that 
of  our  own  galaxy.  In  dimensions  Androm- 
eda’s galaxy  is  about  the  same  size  as  our  own, 
but  it  must  be  at  least  1,000,000  light-years 
away.  In  other  words,  the  light  that  reaches 


Mount  Wilson  Observatory 

Fig.  61-7.  The  great  nebula  in  Orion.  It  is  near  the 
middle  of  the  three  stars  in  line  with  Orion's  sword. 


Fig.  61-8.  The  great  nebula  of  Andromeda.  This 
nebula  is  made  up  of  millions  of  suns  and  is  about 
one  million  light-years  away. 


BEYOND  THE  SOLAR  SYSTEM 

us  today  left  the  stars  in  Andromeda’s  neb- 
ula a million  years  ago.  Many  other  nebulae, 
all  at  great  distances,  have  been  found  and 
studied.  These  outside  galaxies  are  made  up 
of  millions  of  stars  moving  together  as  a whole 
and  separated  from  one  another  by  millions  of 
light-years  of  empty  space. 

The  Metagalaxy.  The  farthest  of  these  gal- 
axies is  thought  to  be  200,000,000  light-years 
distant.  How  many  other  groups  exist  beyond 
the  reach  of  our  instruments  no  one,  of 
course,  can  tell.  Perhaps  some  of  the  more 
recent  developments  of  electronics,  together 
with  our  newer  instruments,  will  reveal  them. 
For  the  present,  astronomers  picture  the 
whole  known  universe  as  a metagalaxy  in 
which  galaxies  are  to  the  metagalaxy  as  indi- 
vidual stars  are  to  their  own  galaxy.  Does  it 
have  an  end?  If  so,  what  is  beyond?  How  is 
it  kept  in  motion?  It  is  obvious  that  even  as- 
tronomers cannot  answer  these  questions  with 
assurance— they  can  only  make  intelligent 
guesses.  Actually  they  think  of  the  universe 
as  curving  back  on  itself  to  form  a closed  space, 
and  not  as  a vast  depth  of  space  stretching 
endlessly  away  in  all  directions. 

But  is  space  crowded?  Is  there  danger  of 
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collisions  between  stars?  Space— which  in- 
cludes all  the  stars  and  planets— is  almost  a 
vacuum,  almost  completely  empty.  To  get  a 
picture  of  the  emptiness  of  space,  imagine  that 
three,  and  only  three,  wasps  are  present  on  the 
whole  continent  of  Europe.  In  such  a case 
Europe  would  be  more  crowded  with  wasps 
than  space  is  with  stars. 

Until  a century  or  so  ago  astronomers  were 
interested  only  in  the  sun,  the  moon,  the 
planets,  and  a few  of  the  nearest  stars.  But 
this  was  because  they  were  limited  by  their 
instruments.  As  their  telescopes  were  im- 
proved and  other  instruments  developed,  they 
were  able  to  see  farther  and  farther  into 
space.  Indeed,  the  advance  in  astronomy  has 
been  similar  to  the  advance  in  the  knowledge 
of  the  surface  of  our  own  earth  and  of  naviga- 
tion. At  first,  navigation  was  limited  to  the 
inland  seas— to  the  Mediterranean,  for  in- 
stance. Later,  when  Columbus  suggested  the 
possibility  of  traveling  around  the  world,  some 
people  thought  him  insane.  Today  astrono- 
mers think  of  the  universe  as  Columbus 
thought  of  the  earth;  they  believe  that  if  we 
could  travel  through  space  in  the  same  direc- 
tion, we  would  ultimately  return  to  our 
starting  position. 


THINGS  TO  REMEMBER 


Visible  stars  are  suns,  some  larger  and  some 
smaller  than  our  sun. 

Planets  are  solid  and  reflect  the  light  of  the 
sun;  stars  are  gaseous  and  incandescent. 

Astronomical  distances  are  measured  in  light- 
years. 

The  Milky  Way  is  a band  of  stars  that  en- 
circles the  earth;  these  are  the  stars  of  our  own 
galaxy. 


The  sky  is  divided  into  constellations,  many 
of  which  are  named  for  real  or  imaginary  crea- 
tures. 

Gaseous  nebulae  consist  of  gas  made  luminous 
by  the  radiation  of  nearby  stars. 

The  numerous  outside  galaxies  are  millions  of 
light-years  from  us. 

All  galaxies,  including  our  own,  are  part  of 
a metagalaxy. 


QUESTIONS 


A 

1 .  Which  of  the  answers  to  each  of  the  follow- 
ing statements  is  correct? 

(a)  The  Milky  Way  is:  (1)  a mass  of  gas; 
( 2 ) a cloud  of  dust;  ( 3 ) an  accumula- 
tion of  stars. 


(b)  A light-year  is:  (1)  a unit  of  light;  (2) 
a unit  of  time;  (3)  a unit  of  distance. 

2.  Why  do  astronomers  use  two  different  units 
for  indicating  planet  distances  and  star  dis- 
tances? 

3.  What  does  the  color  of  a star  indicate? 
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4.  What  is  a galaxy? 

5.  What  property  of  a star  is  described  by  the 
term  magnitude? 

6.  {a)  What  is  a light-year? 

(b)  Sirius  is  8.6  light-years  away.  What 
does  this  mean? 

B 

7.  Calculate  the  number  of  miles  correspond- 
ing to  a light-year. 

8.  Describe  the  picture  the  astronomers  have 
formed  of  our  galaxy. 
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9.  Describe  our  galaxy  and  the  relation  of  the 
sun  to  the  galaxy. 

10.  State  at  least  three  differences  between  stars 
and  planets. 

1 1 . What,  briefly,  is  the  picture  presented  by 
the  term  metagalaxy? 

12.  If  the  distance  from  the  earth  to  the  sun 
is  represented  by  a line  one  inch  long,  how 
long  a line  would  be  needed  to  represent 
the  distance  to  the  nearest  star  (Alpha  Cen- 
tauri),  which  is  4.3  light-years  away? 


PROJECTS 


1.  Charting  Stars.  Some  stars  located  around 
the  polestar  never  seem  to  dip  below  the  hori- 
zon. They  are  called  never-setting  stars  and 
are  visible  every  clear  night  throughout  the 
year. 

The  first  thing  to  do  is  to  locate  the  pole- 
star.  Remember  that  two  stars  of  the  Big 
Dipper  are  commonly  called  the  pointers; 
they  point  to  the  place  where  the  polestar  is 
to  be  found.  Having  located  the  polestar, 
draw  a chart  by  using  the  pointers  and  the 
polestar  as  a starting  line.  Place  the  polestar 
in  the  center  of  your  map.  Then  locate  the 
other  stars  on  your  chart  by  relationships 
between  these  stars.  Gradually  extend  your 
chart  to  take  in  the  principal  stars  visible  in 
the  north. 


2.  To  Study  the  Principal  Constellations.  We 
know  that  some  of  the  stars  appear  to  be  in 
groups  known  as  constellations.  A study  of 
the  constellations  is  an  interesting  project. 
Provide  yourself  with  a star  map  or  a star  book, 
a flashlight  whose  light  has  been  dimmed  by 
covering  the  lens  with  dark  red  paper,  a draw- 
ing pad,  and  pencils.  Your  star  study  can  be- 
gin at  the  North  Star  and  at  the  pointers  in 
the  Great  Bear  constellation.  Gradually  build 
up  your  knowledge  of  the  constellations  by 
searching  the  sky  for  these  groups  of  stars. 
When  you  have  made  a complete  observation 
of  the  sky,  try  to  draw  some  star  maps  of  your 
own.  Indicate  by  dots,  larger  or  smaller,  the 
relative  brightnesses  of  the  stars.  By  means 
of  dotted  lines  you  can  join  together  stars 
belonging  to  the  same  constellation. 


ENERGY  FROM  ATOMS 


Chapter  62 


Heat  Energy  of  the  Sun  and  Stars.  We 

ha\e  referred  frequently  to  the  high  temper- 
atures of  the  sun  and  the  stars.  The  tem- 
perature of  the  surface  of  the  sun  is  about 
6000°  C.,  and  the  temperature  at  its  center 
is  probably  about  20,000,000°  C.  What  causes 


estimated  age  of  the  earth.  Therefore  ordinary 
combustion  in  the  sun  and  the  stars  could  not 
have  taken  place.  Scientists  realized  that 
there  must  be  some  other  immensely  power- 
ful source  of  energy.  Henri  Becquerel,  a 
French  scientist,  provided  the  first  clue  to 


Fig.  62-1  A.  Pierre  Curie. 


Fig.  62-1  B.  Marie  Curie. 


these  high  temperatures?  At  first  it  was  be- 
lieved that  the  sun  was  a ball  of  fire  caused 
by  the  ordinary  processes  of  combustion. 
Nineteenth-century  scientists  showed  by  cal- 
culations, however,  that  if  the  sun  were  pure 
carbon  supplied  with  enough  oxygen  for  com- 
bustion, it  would  be  burned  up  in  a few 
thousand  years,  which  was  far  less  than  the 


the  explanation  of  stellar  energy  in  1896, 
when  he  showed  that  sources  of  energy  are 
hidden  within  the  atom. 

It  was  more  than  thirty  years,  however,  be- 
fore scientists  could  establish  the  connection 
between  Becquerel’s  discovery  and  the  sun’s 
radiation.  Then  was  developed  the  theory 
that  in  the  sun  hydrogen  atoms  are  trans- 
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formed  into  helium  atoms,  or,  to  be  more 
exact,  groups  of  four  hydrogen  atoms  are 
converted  into  one  helium  atom.  The  weight 
of  a helium  atom  (4.004)  is  a little  less  than 
the  weight  of  four  hydrogen  atoms  (4  X 1.008 
= 4.032).  The  difference  between  these  two 
weights  is  important;  it  is  the  weight  “lost” 
during  the  atomic  conversion  that  is  trans- 
formed into  heat  and  other  radiations. 

This  conversion  of  matter  into  heat  energy 
is  the  source  of  the  sun’s  heat.  It  is  usually 
referred  to  as  atomic  energy.  If  this  explana- 
tion is  correct,  it  follows  that  the  sun  is  slowly 
losing  weight  or,  in  other  words,  the  sun’s 
substance  is  slowly  being  destroyed.  It  can 
be  shown  that  by  this  process  the  sun  loses 
about  five  million  tons  of  matter  per  second. 
This  need  not  alarm  us,  for  hydrogen  is  by 
far  the  most  abundant  element  in  the  uni- 
verse, and  our  sun  will  be  able  to  supply  this 
atomic  heat  energy  for  at  least  ten  billion 
years. 

Since  all  sources  of  power  on  earth  are  the 
result  of  the  sun’s  radiation,  it  follows  that 
the  ultimate  source  of  all  our  power  is  the 
energy  released  by  the  atomic  reaction  in  the 
sun.  This  is  true  of  coal,  oil,  water  power, 
and  even  wind.  Indeed,  it  is  also  true  of  the 
horse  that  works  on  the  farm.  He,  too,  runs 
on  atomic  energy  because  he  eats  grass  which 
needs  the  sun’s  radiation  in  order  to  grow, 
and  the  sun’s  radiation  comes  from  atomic 
energy. 

RADIOACTIVITY 

The  release  of  energy  by  the  sun  raises  an 
interesting  question:  Can  man  also  release 
atomic  energy?  The  sun’s  energy  is  released 
by  building  up  a heavier  element  (helium) 
from  a lighter  element  (hydrogen)  at  temper- 
atures over  1,000,000°  C.  Is  it  possible  for 
man  to  release  atomic  energy  by  the  oppo- 
site operation,  that  is,  by  breaking  down 
heavier  atoms  into  lighter  atoms  at  ordinary 
temperatures?  To  answer  this  question,  let 


THE  UNIVERSE 

us  return  to  the  investigation  of  Henri  Bec- 
querel  in  1896s 

Becquerel  and  the  Curies.  One  day  Bec- 

querel  happened  to  place  a piece  of  uranium 
ore  on  a photographic  plate  that  was  wrapped 
in  black  paper.  Later  he  took  a photograph 
with  this  plate  and  found  that  it  was  badly 
fogged.  To  determine  the  cause  of  the  fog- 
ging, he  placed  other  uranium  minerals  on 
covered  photographic  plates  and  left  them  in 
a dark  room.  Since  the  same  fogging  effect 
was  present  on  all  the  plates,  Becquerel  was 
convinced  that  these  minerals  give  off  invis- 
ible radiations.  They  are,  he  said,  radioactive. 

Pierre  Curie  (a  colleague  of  Becquerel)  and 
his  wife  Marie  became  interested  in  this  phe- 
nomenon. They  examined  pitchblende,  which 
is  the  most  common  ore  of  uranium,  and 
found  that  it  was  even  more  radioactive  than 
a pure  uranium  compound.  From  pitchblende 
they  isolated  radium,  which  is  more  than  a 
million  times  as  active  as  uranium.  For  their 
work  in  radioactivity  the  Curies  shared  the 
Nobel  prize  in  physics  in  1903,  and  in  1911 
Madame  Curie  was  awarded  the  Nobel  prize 
in  chemistry. 

Rays  Emitted  by  Radium.  At  the  beginning 
of  the  present  century  many  of  the  leading 
scientists  turned  their  attention  to  the  study 
of  radioactivity.  It  was  obvious  that  the  “Bec- 
querel rays”  came  from  the  atoms  of  radio- 
active elements.  What  was  the  nature  of  these 
rays?  And  what  kind  of  atomic  structure  will 
give  off  these  rays? 

Seeking  the  answers  to  these  questions, 
Lord  Rutherford,  a British  scientist,  per- 
formed the  following  experiment.  He  placed 
a few  grains  of  radium  in  a narrow  lead  tube, 
and  near  the  opening  of  the  tube  he  put  a 
screen  of  zinc  sulfide,  which  glows  when  bom- 
barded with  radioactive  rays.  A single  small 
circular  glowing  patch  appeared  on  the  screen. 
When  he  placed  a strong  magnet  or  an  elec- 
tric field  near  the  beam,  the  beam  at  once 
broke  up  to  form  three  patches  on  the  screen. 
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The  arrangement  of  these  patches  is  shown 
in  Fig.  62-2.  It  was  apparent  that  three  dif- 
ferent kinds  of  rays  were  emitted  by  radium. 
Rutherford  called  them  alpha,  beta,  and 
gamma  rays. 

Alpha  Rays.  The  direction  in  which  the 
alpha  rays  were  deflected  proved  that  these 
rays  are  positively  charged  particles.  It  was 
shown  later  that  they  are  made  up  of  the 
cores,  or  nuclei,  of  helium  atoms,  that  is,  of 
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Fig.  62-2.  Rays  from  radium.  The  circular  glowing 
patches  on  the  zinc  sulfide  screen  are  shown  on  the 
right. 


helium  atoms  from  which  the  outer  electrons 
have  been  stripped  off.  Alpha  rays  travel  at 
high  speeds,  about  one-tenth  as  fast  as  light. 

Beta  Rays.  The  deflection  of  the  beta  rays 
showed  that  beta  rays  are  made  up  of  nega- 
tively charged  particles  that  travel  almost  as 
fast  as  light.  These  negative  beta  particles 
are  electrons. 

Gamma  Rays.  The  gamma  rays  were  not 
deflected,  which  shows  that  they  are  not 
charged  particles.  Actually  they  are  electro- 
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magnetic  waves,  slightly  shorter  than  X rays, 
that  travel  with  the  velocity  of  light. 

Radon.  In  addition  to  alpha,  beta,  and 
gamma  rays,  some  heat  was  generated  and 
a gas  was  formed  that  made  the  surrounding 
air  a conductor  of  electricity.  This  gas  was 
originally  called  radium  emanation;  the  term 
was  later  contracted  to  radon. 

Radium  has  an  atomic  weight  of  226,  radon 
an  atomic  weight  of  222,  and  an  alpha  par- 
ticle an  atomic  weight  of  4.  It  therefore 
looked  as  though  an  atom  of  radium  changed 
to  an  atom  of  radon  by  emitting  an  alpha 
particle,  or, 

radium  atom  — > radon  atom  + alpha 
particle 

This  radioactive  change  is  taking  place  con- 
tinuously. It  has  been  determined  that  half 
of  a radium  mass  changes  to  radon  every  1690 
years.  That  is,  in  1690  years  one  half  of  the 
radium  becomes  radon;  in  the  next  1690  years 
one  half  of  the  remainder  changes,  and  so  on 
indefinitely.  Thus  a given  sample  of  radium 
has  a life  that  is  infinitely  long  and,  for  this 
reason,  the  life  exj>ectancy  of  radium,  or  of 
any  other  radioactive  element,  is  usually  ex- 
pressed in  terms  of  its  half-life  period. 

Radioactixe  Changes.  All  uranium  ores  con- 
tain radium  as  well  as  other  radioactive 
substances.  Alpha,  beta,  and  gamma  radia- 
tions and  heat  waves  are  constantly  being 
given  off.  The  radiations  come  from  the  in- 
terior of  the  atom,  and  as  a result  the  atom 
changes  from  one  kind  to  another.  When 
an  alpha  particle  is  emitted,  the  atomic 
weight  of  the  atom  is  reduced  by  4;  when  a 
beta  particle  is  emitted,  the  atomic  weight  is 
not  seriously  affected  because  the  weight  of 
an  electron  is  negligible.  But  whether  an 
alpha  or  a beta  particle  is  shot  off,  a new 
radioactive  element  is  formed,  and  the  proc- 
ess continues  until  the  element  lead  is  formed. 
The  end  product  of  all  natural  radioactive 
transformations  is  lead.  This  lead  is  not  radio- 
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active  and  therefore  does  not  disintegrate  fur- 
ther. 

Between  uranium  and  lead  no  fewer  than 
fourteen  nuclear  disruptions  occur,  and  each 
change  is  accompanied  by  the  release  of 
energ}^  in  the  form  of  heat  and  gamma  rays. 
The  half-lives  of  these  elements  vary  enor- 
mously. Sometimes  the  change  takes  place 
in  seconds  or  minutes,  sometimes  in  tens  of 
thousands  of  years. 

The  energy  released  by  radioactive  changes 
is  far  greater  than  that  released  by  such  chem- 
ical reactions  as  the  burning  of  gasoline  or 
the  explosion  of  dynamite.  The  rate  at  which 
energy  is  released  is  obviously  slow.  Scientists 
have  tried  to  increase  the  speed  of  these  radio- 
active changes,  but  thus  far  they  have  not 
succeeded.  Heating  a radioactive  substance 
until  it  is  incandescent  or  immersing  it  in 
liquid  air  does  not  affect  the  speed  at  which 
it  breaks  up. 

Nevertheless,  scientists  realized  that  radio- 
active atoms— and  probably  other  atoms— con- 
tain enormous  amounts  of  stored-up  energy 
that  might  conceivably  be  used  in  the  service 
of  mankind.  While  they  were  still  concerned 
with  the  problem  of  releasing  atomic  energy, 
they  found  some  uses  for  radioactive  elements 
in  medicine,  industry,  and  geology. 

Uses  of  Radium  and  Radon.  The  gamma 
radiations  from  radium  and  radon  are  effec- 
tive in  the  treatment  of  cancer  and  certain 
skin  diseases,  since  these  rays  destroy  cancer 
cells  more  easily  than  they  attack  normal 
tissue.  Radon  gas  is  collected  from  a radium 
salt  and  sealed  in  small  tubes  to  be  used  for 
such  purposes. 

Radium  has  a commercial  value.  When 
alpha  particles  strike  a substance  like  zinc 
sulfide,  they  produce  flashes  of  light.  Zinc 
sulfide  paint  containing  a trace  of  radium  salt 
is  therefore  used  in  making  luminous  watch 
dials. 

Radioactive  rocks  have  also  been  used  to 
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determine  the  age  of  the  earth.  The  method 
of  doing  this  is  discussed  in  Chapter  8. 

THE  APPROACH  TO  ATOMIC  ENERGY 

In  the  early  years  of  this  century  consider- 
able progress  was  made  toward  solving  the 
mysteries  of  atomic  structure,  and  probably 
the  contributions  of  Rutherford  were  the  most 
outstanding.  The  emission  of  alpha,  beta, 
and  gamma  radiations  by  a radioactive  sub- 
stance convinced  Rutherford  that  an  atom 
consists  of  two  parts— a tiny  nucleus,  where 
the  radioactive  changes  take  place,  and  some 
outer  electrons.  The  outer  electrons  are  easily 
disturbed  by  friction  and  therefore  give  rise 
to  the  electric  charges  discussed  in  Chap- 
ter 35.  They  also  take  part  in  chemical  re- 
actions. 

Rutherford’s  next  step  was  an  attack  on  the 
nucleus  itself.  In  1919  he  bombarded  nitrogen 
atoms  with  alpha  particles  emitted  by  radium 
and  obtained  the  nuclei  of  hydrogen  atoms.  He 
then  bombarded  other  atoms,  and  out  of  every 
bombarded  atom  he  obtained  the  nucleus  of 
a hydrogen  atom.  He  therefore  regarded  the 
hydrogen  nucleus  as  a building  block  in 
atomic  structure.  He  called  it  a proton,  a 
Greek  term  meaning  “first.” 

The  most  important  conclusion  that  Ruth- 
erford drew  from  his  experiments  was  that 
the  nuclei  of  ordinary  atoms  are  complex 
structures  and  that  protons  are  part  of  the 
nuclear  structure.  For  his  important  contri- 
butions to  the  theory  of  atomic  structure 
Rutherford  was  awarded  the  Nobel  prize  in 
chemistry  in  1908. 

Structure  of  the  Hydrogen  Atom.  The 

simplest  atom  is,  of  course,  the  hydrogen 
atom.  It  consists  of  a nucleus  with  a single 
proton  and  of  a single  electron  outside  the 
nucleus.  The  whole  atom  is  therefore  neutral; 
but  if  the  electron  is  lost,  a positively  charged 
particle,  or  proton,  remains.  The  hydrogen 
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atom  can  therefore  be  represented  dia- 
grammatically  as 


Helium  Atom.  The  next  advance  in  the  re- 
lease of  atomic  energy  was  made  by  Chad- 
wick, one  of  Rutherford’s  research  students. 
In  1932  Chadwick  discovered  neutral  particles, 
which  he  called  neutrons.  This  discovery  was 
an  important  link  in  the  chain  that  led  to 
the  release  of  atomic  energy,  and  in  1935 
Chadwick  was  awarded  the  Nobel  prize  in 
physics. 

Let  us  now  examine  an  atom  of  fairly  sim- 
ple structure  such  as  helium.  Helium  has  an 
atomic  weight  of  4;  therefore  the  sum  of  the 
protons  and  neutrons  in  its  nucleus  must 
also  equal  4.  Moreover,  the  helium  atom  has 
2 electrons  outside  the  nucleus;  to  make  the 
atom  neutral  the  nucleus  must  therefore  con- 
tain 2 protons.  It  follows  that  it  must  also 
contain  2 neutrons.  A diagram  of  the  helium 
atom  is,  therefore. 


The  diagram  of  an  alpha  particle  or  a helium 
nucleus  is 


Lithium  Atom.  Another  atom  whose  struc- 
ture we  must  examine  is  that  of  lithium. 
Lithium  is  a metal.  Its  atomic  weight  is  7. 
Therefore  the  total  number  of  protons  and 
neutrons  in  the  nucleus  of  its  atom  must  also 


be  7.  As  this  atom  has  3 electrons  outside  the 
nucleus,  it  must  have  3 protons  in  the  nucleus 
to  form  a neutral  atom.  From  this  it  follows 
that  the  nucleus  must  contain  4 neutrons  as 
well  as  3 protons.  A diagram  of  the  lithium 
atom  is 


We  must,  of  course,  bear  in  mind  that  atoms 
are  mostly  empty  space.  If  the  nucleus  of  an 
atom  could  be  enlarged  to  the  size  of  a base- 
ball, the  nearest  electrons  would  be  2,000 
feet  away. 

Fission  of  Lithium  Atoms.  In  1932  two 
colleagues  of  Chadwick  and  Rutherford,  work- 
ing in  the  same  laboratory,  continued  the  in- 
vestigation of  atomic  structure.  They  directed 
a stream  of  protons  against  a film  of  lithium, 
and  found  that  from  the  impact  alpha  par- 
ticles were  shot  off  at  high  speed.  This  simple 
transformation  is  shown  in  Fig.  62-3. 


Fig.  62-3.  Fission  of  a lithium  atom. 


In  this  diagram  we  have  omitted  the  outer 
electrons,  since  we  are  concerned  only  with 
nuclei.  The  diagram  shows  that  a proton  has 
split  a lithium  nucleus  into  two  equal  parts. 
Moreover,  suEcient  energy  was  liberated  to 
cause  the  fragments  to  fly  apart  at  high  speed. 
This  experiment  is  important  because  it  was 
the  first  case  of  nuclear  fission. 

Notice  that  nuclear  fission  is  quite  different 
from  radioactivity.  In  fission,  two  equal,  or 
nearly  equal,  fragments  are  obtained;  whereas 
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Fig.  62-4.  A large  betatron  used  in  atomic  research 
in  which  electrons  are  accelerated  to  very  high 
speeds.  Notice  the  large  electromagnet,  an  essential 
part  of  the  apparatus,  in  the  center  of  the  picture. 

in  radioactivity,  alpha,  beta,  and  gamma  par- 
ticles are  given  off.  Moreover,  man  has  no 
eontrol  over  radioactivity,  but  he  can  cause 
fission  by  bombarding  a nucleus. 
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Bombardmenf  of  Nuclei.  Both  protons  and 
alpha  partieles  were  used  as  projectiles  to 
bombard  the  nueleus.  Since  both  these  parti- 
cles are  positively  eharged,  and  since  the  nu- 
cleus of  an  atom  is  also  positively  charged, 
there  was  a repulsive  force  between  projeetile 
and  nucleus.  As  a result  the  projectiles  had  to 
be  hurled  at  enormous  speeds  before  they 
eould  overcome  the  foree  of  repulsion  and 
penetrate  the  nucleus.  Scientists  designed 
machines,  such  as  the  Van  de  Graaff  genera- 
tor, to  hurl  the  partieles  at  higher  and  higher 
speeds. 

But  while  these  maehines  did  much  to  in- 
crease our  knowledge  of  atomie  structure,  they 
did  not  provide  an  effieient  method  of  releas- 
ing atomie  energy.  In  faet,  more  total  energy 
was  used  in  hurling  the  projectiles  than  was 
released  by  the  impacts  between  nucleus  and 
projectile.  We  must  remember  that  the  nu- 
eleus is  an  exeeedingly  small  target  and  that 
the  protons  and  neutrons  occupy  only  a small 
fraction  of  the  volume  of  the  nucleus,  which 
is  almost  empty  space. 

BARIUM  ATOM 

AT.  WT.  = 137 


SLOW  NUCLEUS  OF 

NEUTRON  U-235 


KRYPTON  ATOM 
AT.  WT.=  84 


Fig.  62-5.  Fission  of  uranium. 
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projectiles  were  no  longer  an  essential  part 
of  the  fission  process;  and  for  the  first  time 
the  release  of  atomic  energy  as  a practical 
process  became  a possibility.  Fermi  was 
awarded  the  Nobel  prize  in  physics  in  1937 
for  his  work  on  neutrons  in  the  fission  process. 

Atomic  Energy.  In  January,  1939,  two  Ger- 
man chemists,  Strassmann  and  Hahn,  an- 
nounced that  they  had  used  slow  neutrons  to 
break  up  the  uranium  nucleus  and  that  one 
of  the  products  was  barium.  The  nucleus  of 
the  uranium  atom  contains  92  protons;  the 
barium  nucleus,  56  protons.  The  difference 
between  92  and  56  is  36.  Since  the  element 
that  has  36  protons  in  its  nucleus  is  krypton, 
it  appeared  that  krypton  might  be  the  other 
product  of  the  fission  process. 

Let  us  look  at  the  neutrons  involved  iu 


Fig.  62-7.  A chain  reaction.  The  neutron  on  the  left  causes  the  fission  of  a uranium  atom, 
thereby  releasing  two  neutrons.  Each  of  these  neutrons  causes  the  fission  of  another  uranium 
atom,  and  the  released  neutrons  cause  the  fission  of  more  uranium  atoms. 


uranium  barium  krypton 

Fig.  62-6.  Neutrons  and  protons  involved  in  uranium 
fission.  Note  particularly  the  role  of  the  neutrons  in 
the  reaction. 

In  1933  Enrico  Fermi,  then  working  at  the 
University  of  Rome,  began  using  neutrons  as 
projectiles.  This  proved  to  be  the  key  to  the 
secret  of  atomic  energy.  Neutrons  have  no 
charge,  and  are  therefore  not  repelled  by  the 
positive  nuclei  of  atoms;  consequently  they 
easily  penetrate  the  nuclei.  Moreover,  slow 
neutrons  are  effective  in  breaking  up  nuclei. 
The  machines  used  for  developing  high-speed 


546 

this  transformation.  Uranium  has  145  neu- 
trons, barium  has  81,  and  krypton  48.  The 
total  number  of  neutrons  in  barium  and  kryp- 
ton is  129,  which  is  14  less  than  the  number 
of  neutrons  in  uranium. 

In  other  words,  a neutron  was  needed  to 
start  the  fission  process,  but  a number  of 
additional  neutrons  were  released  during  the 
process.  Could  these  released  neutrons  be 
used  to  continue  the  fission  process,  that  is, 
to  start  a chain  reaction?  In  1959  this  was 
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Fig.  62-8.  High-school  students  watch  a demonstra- 
tion of  an  atomic  chain  reaction  in  which  neutrons 
are  represented  by  Ping-pong  balls. 

the  international  scientific  question.  We  now 
know  that,  during  World  War  II,  American 
scientists  found  the  answer  to  this  question. 
By  controlling  the  process  they  were  able  to 
release  atomic  energy  on  a large  scale. 

A Chain  Reaction.  We  have  already  seen 
that  the  capture  of  a single  neutron  by  a nu- 
cleus of  uranium  (of  atomic  weight  255) 
causes  the  uranium  nucleus  to  split  into  two 
main  fragments,  barium  and  krypton,  which 
fly  apart  with  tremendous  energy.  If  no  neu- 
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trons  were  released,  the  reaction  would  stop 
after  the  disintegration  of  a single  atom.  Ac- 
tually, however,  neutrons  are  released  in  the 
fission  process.  These  neutrons  explode  other 
nuclei,  which,  in  turn,  liberate  more  neu- 
trons. In  this  way  a self-sustaining  chain  re- 
action is  started.  Thus  in  the  fission  process 
a small  amount  of  mass  is  converted  into 
energy  which  causes  the  new  nuclei  to  move 
at  great  speeds,  and  the  resulting  temperature 
may  approach  that  of  the  interior  of  the  sun. 

The  Atomic  Bomb.  The  chain  reaction  can 
either  be  controlled  so  that  it  proceeds  slowly 
or  it  can  be  allowed  to  get  out  of  control. 
In  the  latter  case  disintegration  takes  place 
almost  instantaneously  with  devastating  effect, 
as  in  an  atomic  bomb.  The  “explosion”  of 
the  bomb  is  accompanied  by  enormously  high 
temperatures — far  higher  than  the  tempera- 
ture of  the  surface  of  the  sun— and  by  the  re- 
lease of  powerful  radiations,  such  as  neutrons, 
protons,  electrons,  and  gamma  rays— which 
are  harmful  to  living  tissues.  The  single 
atomic  bomb  that  exploded  over  Hiroshima  in 
Japan  during  World  War  II  killed  more  than 
75,000  people. 

The  Uranium  Reactor.  If  atomic  energy  is 
to  be  used  for  industrial  purposes,  the  chain 
reaction  must  be  controlled.  This  is  done  in 
the  uranium  reactor,  which  consists  of  many 
small  rods  of  uranium  embedded  in  huge 
graphite  bricks.  The  graphite  slows  down  to 
a speed  of  about  one  mile  a second  neutrons 
that  are  ejected  at  speeds  of  thousands  of  miles 
a second.  The  reactor  is  housed  in  a massive 
structure  with  concrete  and  steel  walls  about 
six  feet  thick  that  form  a protective  shield 
against  the  radiations  emitted. 

Uranium  consists  of  two  different  types  of 
atoms:  one  of  atomic  weight  255,  called  U-255; 
the  other  of  atomic  weight  258,  called  U-258. 
The  heavier  type  is  more  than  a hundred  times 
as  plentiful  as  the  lighter  type,  but  it  is  not 
fissionable;  only  the  lighter,  rarer  type  is  fis- 
sionable. 
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In  the  reactor  U-235  captures  a neutron  and 
fission  takes  place.  A great  deal  of  heat  is 
liberated,  which  heats  up  the  reactor.  The 
fast-moving  neutrons  that  are  ejected  are 
slowed  down  by  the  graphite,  and  some  of 
them  arc  captured  by  U-238  to  form  a syn- 
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'There  arc  two  important  differences  between 
them,  however.  In  the  reactor  or  pile,  nuclear 
fission  takes  place.  This  change  occurs  at  ordi- 
nary temperatures,  because  only  neutron  bom- 
bardment is  needed  to  split  U-235.  In  the 
sun,  nuclear  fusion  takes  place— that  is,  hy- 
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Fig.  62-9.  An  experimental  underwater  blast  in  Bikini  Lagoon,  July,  1 946.  A single  atomic 
bomb  sent  up  a column  of  water  weighing  almost  10  million  tons  to  a height  of  4,000  feet. 
The  photograph  was  taken  from  the  island  of  Bikini.  Three  battleships  were  sunk  in  the  explosion. 


thetic,  or  man-made,  element  called  pluto- 
nium. Plutonium  is  fissionable  and  is  used  as 
a source  of  atomic  energy.  In  other  words,  the 
importance  of  the  reactor  is  that,  though  it  de- 
stroys the  rare  and  fissionable  U-235,  it  also 
converts  the  more  plentiful  nonfissionable 
U-238  into  fissionable  plutonium. 

The  uranium  reactor  and  the  sun  are  similar 
in  that  nuclear  changes  take  place  in  both. 


drogen  atoms  are  fused  into  helium  atoms. 
This  change  occurs  only  at  very  high  tempera- 
tures, because  tremendous  heat  is  necessary  to 
convert  a light  element  into  a heavier  one. 
Some  scientists  now  believe  that  it  is  possible 
for  man  to  build  helium  atoms  from  hydrogen 
atoms,  and  thus  produce  a reaction  which  will 
release  several  times  as  much  energy  as  the 
explosion  of  a plutonium  bomb. 


THINGS  TO 

The  suns  heat  is  probably  caused  by  the  con- 
version of  some  mass  to  energy  as  hydrogen 
atoms  are  being  converted  into  helium. 

A radioactive  element  undergoes  nuclear 
changes  by  giving  off  alpha,  beta,  and  gamma 
radiations. 


REMEMBER  

Alpha  particles  are  made  up  of  helium  nuclei. 
Beta  particles  are  streams  of  electrons. 

Gamma  rays  are  electromagnetic  waves  that 
are  slightly  shorter  than  X rays. 

Lead  is  the  end  product  of  all  natural  radio- 
active changes. 
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Protons  and  neutrons  make  up  the  nuclei  of 
atoms. 

In  nuclear  fission  the  nucleus  is  broken  into 


1.  What  scientific  fact  or  event  do  you  asso- 
ciate with  the  following:  (a)  Becquerel; 

{b)  Curie;  (c)  Chadwick;  (d)  Fermi? 

2.  Why  is  uranium  called  a radioactive  ele- 
ment? 

3.  Determine  which  of  the  following  state- 
ments are  true  and  which  are  false.  Then 
correctly  reword  the  false  ones. 

(a)  Beta  rays  are  negatively  charged. 

(b)  Becquerel  discovered  radium. 

(c)  Helium  is  the  most  abundant  element 
in  the  universe. 

(d)  Uranium  ores  are  radioactive. 

(e)  The  nucleus  of  a hydrogen  atom  con- 
tains one  proton  and  one  neutron. 

(/)  The  fission  of  a uranium  atom  yields 
barium  and  krypton. 

P RO  J 

Experimenting  with  a Radioactive  Substance. 
Place  a Welsbach  gas  mantle  on  a covered  photo- 
graphic plate  in  a dark  room.  After  a week  or  so 
develop  the  plate,  which  shows  an  impression  of 
the  mantle  where  it  has  been  fogged.  Thorium 
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two  nearly  equal  parts,  and  intense  radiations 
are  given  off. 

In  the  reactor  U-235  undergoes  fission,  and 
U-238  is  changed  to  plutonium. 

IONS 

4.  What  is:  (a)  a proton;  (b)  an  electron; 
(c)  a neutron? 

B 

5.  How  do  you  account  for  the  heat  of  the 
sun? 

6.  Describe  the  rays  that  may  be  given  off  by 
a radioactive  substance. 

7.  What  are  the  differences  between  radio- 
activity and  atomic  fission? 

8.  What  happens  when  alpha  particles  or  pro- 
tons bombard  lithium  atoms? 

9.  What  is  meant  by  a chain  reaction?  Give 
an  example. 

10.  What  is  a uranium  reactor?  What  happens 
in  the  reactor? 

1 1 . What  happens  when  a radioaetive  element 
like  radium  ehanges  to  radon? 

ECT 

is  used  in  the  manufacture  of  Welsbach  gas  man- 
tles. It  is  radioactive  and  emits  enough  rays  to 
fog  the  plate.  This  project  is  a modification  of 
the  Becquerel  experiment. 


chapter 


CHEMICAL  AND  NUCLEAR  ENERGY 


Th^  discussion  of  atomic  structure  and 
nuclear  energy  brings  to  mind  some  questions 
unanswered  in  earlier  chapters.  Why  are  the 
sun  and  stars  hot  and  the  planets  cold?  How 
is  coal  able  to  store  the  sun’s  energy  of  past 
ages?  Is  nuclear  energy  essentially  destructive? 
Can  it  be  beneficial  as  well  as  harmful? 

Why  Is  the  Sun  Hot  and  the  Earth  Cold? 

If  we  accept  the  tidal  theory,  the  explana- 
tion is  fairly  simple.  The  heat  of  the  sun  is 
caused  by  nuclear  reactions  which  take  place 
only  at  exceedingly  high  temperatures.  It  is 
reasonable  to  suppose  that,  when  the  earth 
broke  away  from  the  sun,  nuclear  reactions 
were  taking  place  within  the  earth’s  mass. 
Owing  to  its  small  size,  the  earth  cooled  rela- 
tively rapidly  in  space  and  eventually  reached 
a temperature  at  which  nuclear  reaetions 
ceased. 

According  to  the  dust-cloud  theory,  stars 
are  born  from  cosmic  dust.  As  the  dust  cloud 
contracts,  the  pressure  inside  it  increases 
and  its  temperature  rises  enormously.  Eventu- 
ally it  becomes  white-hot,  and  the  internal 
temperatures,  caused  by  contraction,  are  high 
enough  to  start  nuclear  changes.  This  is  one 
theory  of  the  source  of  heat  in  the  sun. 

The  planets,  on  the  other  hand,  were 
formed  by  the  condensing  of  much  smaller 
clouds  of  dust.  When  they  were  first  formed, 
they  too  were  hot— probably  hot  enough  to  be 
molten.  Since  they  are  relatively  small,  the 
heat  of  contraction  was  not  nearly  so  great  as 


that  generated  in  the  sun;  and  the  resulting 
temperature  was  not  high  enough  to  start 
nuclear  reactions.  That  is  why  the  planets 
do  not  radiate  their  own  heat  as  the  stars  do. 
Instead,  they  gradually  cooled  until  their  only 
source  of  light  and  heat  was  the  sun. 

Difference  Between  Chemical  Energy,  as  in 
Combustion,  and  Nuclear  Energy.  Let  us 

see  what  happens  to  the  atoms  of  carbon  and 
hydrogen  when  sunlight  falls  upon  them— that 
is,  during  photosynthesis.  We  will  consider 
only  the  simpler  atom,  hydrogen.  The  hydro- 
gen atom  has  a single  proton  as  a nucleus  and 
a single  electron  that  whirls  about  this  nu- 
cleus at  high  speed.  If  the  hydrogen  atom 
picks  up  energy  (from  the  sun,  for  example), 
the  electron  is  raised  to  a higher  level  or  orbit, 
as  is  shown  in  Fig.  63-1.  The  electron  con- 
tinues to  whirl  in  its  new  orbit  until  it  releases 
the  energy  it  has  gained.  Then  the  electron 
will  fall  back  to  its  original  level.  In  this  way 
an  atom  can  store  energy,  and  that  is  why  the 
sun’s  energy  can  be  trapped  and  stored  in- 
definitely in  such  atoms  as  hydrogen,  carbon, 
and  oxygen  when  they  form  carbohydrates. 

During  the  process  of  combustion  the 
electrons  fall  back  to  lower  levels  and  re- 
lease the  energy  that  kept  them  at  the  higher 
level.  This  energy  is  the  heat  of  combustion. 
It  is  released  solar  energy,  and  it  is  the  source 
of  all  the  power  derived  from  coal  and  pe- 
troleum. 

The  difference  between  chemical  and  nu- 


549 


550 

clear  changes  is  now  apparent.  Chemical 
changes  affect  only  the  electrons  in  the  orbits 
of  an  atom,  never  the  nucleus;  whereas  nuclear 
changes  affect  the  nucleus  as  well  as  the  elec- 
trons. It  is  therefore  more  accurate  to  speak 
of  nuclear  energy  than  of  atomic  energy. 

BENEFICIAL  USES  OF  NUCLEAR  ENERGY 

Radioactive  Elements.  In  the  pile,  or  reactor 
as  it  is  now  called,  the  uranium  “fuel”  pro- 
duces a large  number  of  fission  products  be- 
sides plutonium.  These  products,  which  con- 
sist of  many  elements,  absorb  some  of  the 
neutrons  present  in  the  reactor  and  become 
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knowledge  they  could  manufacture  food  and 
even  clothing  from  water  and  limestone. 

Heat  and  Power  from  Nuclear  Energy. 

When  U-235  is  split  into  two  parts,  a great 
deal  of  heat  energy  is  released.  In  the  pile,  or 
reactor,  the  chain  reaction  takes  place  at  a 
controlled  rate,  and  the  heat  is  available  for 
doing  work.  One  pound  of  U-235  consumed 
in  this  way  will  give  as  much  heat  as  the 
combustion  of  1,500  tons  of  coal. 

When  nuclear  energy  was  first  released  by 
man,  it  was  thought  that  new  kinds  of  heat 
engines  independent  of  chemical  fuels,  would 
shortly  be  developed.  But  many  engineering 


Fig.  63-1.  In  photosynthesis,  energy  is  absorbed  and  electrons  jump  to  a higher  level;  in 
combustion,  energy  is  evolved  and  electrons  fall  to  a lower  level. 


radioactive;  that  is,  they  give  off  alpha  and 
beta  particles  and  gamma  rays. 

Radioactive  elements  behave  like  ordinary 
elements  chemically.  They  can  be  detected, 
even  in  minute  quantities,  by  a Geiger  coun- 
ter, which  clicks  loudly  when  it  approaches 
them.  Radioactive  elements  can  therefore  be 
used  as  tracers,  or  tagged  atoms  as  they  are 
often  called. 

One  such  tracer  is  radioactive  carbon,  now 
used  in  the  study  of  photosynthesis.  If  radio- 
active carbon  is  burned  in  oxygen  to  form 
carbon  dioxide,  the  carbon  will  remain  radio- 
active. When  it  is  absorbed  by  a green  plant, 
it  can  be  traced  to  any  part  of  the  growing 
plant.  With  the  aid  of  radioactive  carbon  sci- 
entists hope  to  discover  the  sequence  of  steps 
by  which  sugar,  starch,  and  cellulose  are  made 
from  carbon  dioxide  and  water.  With  this 


problems  must  be  solved  before  nuclear  energy 
can  be  efficiently  converted  into  electric 
power.  * 

One  problem  involves  temperature.  Much 
higher  temperatures  are  needed  for  generating 
power  than  for  producing  bombs.  A power- 
plant  reactor  must  therefore  be  able  to  with- 
stand intense  heat.  Engineers  have  not  yet 
been  able  to  design  a reactor  that  will  operate 
at  high  temperatures.  The  common  construc- 
tion materials— steel  and  the  nonferrous  met- 
als—absorb  neutrons  so  fast  that  they  would 
stop  the  chain  reaction.  Materials  that  do 
not  absorb  neutrons,  on  the  other  hand, 
lack  strength,  and  they  corrode  at  high  tem- 
peratures. One  of  the  requirements  for  a 
power-plant  reactor,  therefore,  is  a strong  alloy 
that  does  not  absorb  neutrons  at  high  tem- 
peratures. Experimental  atomic  power  sfa- 
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tions  have  been  built,  but  the  heat  is  gener- 
ated at  too  low  a temperature  to  make  indus- 
trial production  profitable.  Also,  the  reactors 
are  heated  from  the  fission  of  U-235,  which  is 
expensive  and  rare. 

Another  engineering  problem  is  the  matter 
of  shielding.  Neutrons  and  other  radiations 
are  harmful  to  all  living  things,  so  massive 


porizes  it.  This  vapor  circulates  around  and 
flows  into  a heat  exchanger,  where  it  gives  up 
its  heat  to  the  water,  converting  it  into  steam. 
The  condensed  vapor  then  returns  to  the  reac- 
tor and  is  reheated.  The  steam,  in  the  mean- 
time, drives  a turbine  that  rotates  a generator 
to  produce  ^electricity.  In  this  way  nuclear 
energy  produces  electrical  power. 


Courtesy  Brookhaven  National  Laboratory 

Fig.  63-2.  An  atomic  furnace.  When  uranium  atoms  split,  intense  heat  is  given  off,  causing  the 
uranium  rods  to  become  red-hot.  A gas  is  pumped  over  the  rods  and  the  hot  gas  is  led  through 
coils  to  a boiler  where  it  changes  water  to  steam. 


shields  of  concrete  at  least  six  feet  thick  must 
be  built  around  a reactor.  As  yet,  engineers 
have  found  it  impossible  to  build  a safe  engine 
that  weighs  less  than  20  tons.  The  reactors 
developed  thus  far  may  eventually  be  used 
to  run  ships  and  submarines,  but  not  auto- 
mobiles or  airplanes. 

A Nuclear  Power  Plant.  The  experimental 
reactors  used  for  generating  power  are  similar 
to  the  one  shown  in  Fig.  63-2.  The  heat  of 
the  reactor  heats  up  a molten  metal  and  va- 


Deposits  of  Uranium.  Uranium  is  almost  as 
abundant  as  lead  in  the  earth’s  crust,  but  usu- 
ally it  is  found  in  low-grade  ores  unprofitable 
to  work.  Only  two  mines  are  known  that  pro- 
duce large  amounts  of  high-grade  ore.  One  is 
in  northwestern  Canada,  at  Great  Bear  Lake 
within  the  Arctic  Circle;  the  other  is  in  the 
Belgian  Congo,  in  southern  Africa.  A third 
but  smaller  deposit  is  in  Czechoslovakia.  The 
Canadian  deposit  is  by  far  the  richest  in  the 
world.  The  ore  is  pitchblende,  which  contains 
both  uranium  and  radium.  During  the  winter 
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the  ore  is  concentrated  and  stored,  and  during 
the  summer  it  is  shipped  to  a refinery  in  On- 
tario, three  thousand  miles  away.  Relatively 
little  uranium  is  found  in  the  United  States, 
although  some  is  mined  as  carnotite  in  Colo- 
rado and  Utah.  If  economical  methods  are 
developed  for  treating  low-grade  ores,  or  if 
large  new  deposits  of  uranium  are  discovered, 
there  will  be  enough  raw  material  to  supply 
the  world  with  power  for  many  centuries. 

In  Retrospect.  The  large-scale  use  of  atomic 
power  belongs  to  the  future.  Man  has  dis- 
covered a source  that  offers  either  untold 
benefits  or  almost  irreparable  destruction.  We 
saw  that  early  man  rubbed  two  dry  sticks 
together  to  start  a fire.  It  took  him  many 
centuries  to  learn  to  eonvert  heat  energy  from 
fire  into  mechanical  motion.  Not  until  the 
end  of  the  17th  century  was  the  steam  engine 
invented.  It  took  two  more  centuries  to  learn 
to  use  directly  the  energy  of  burning  fuel  for 

THINGS  TO 

Chemical  changes  affect  electrons  outside  the 
nucleus  of  the  atom;  nuclear  changes  affect  the 
protons  and  neutrons  within  the  nucleus  of 
the  atom. 

Radioactive  elements  are  formed  in  a nuclear 
reactor  and  emit  alpha  and  beta  particles. 

Radioactive  elements  can  be  used  as  tracers  in 
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the  internal-combustion  engine.  Power  de- 
pended on  limited  supplies  of  eoal  and  oil. 

It  is  significant  that  it  is  only  a little  more 
than  half  a century  since  Beequerel  and  the 
Curies  opened  the  vast  field  of  radioactivity, 
and  yet  scientists  have  already  learned  the 
secrets  of  the  atom  and  revealed  almost 
unlimited  sources  of  energy.  This  new  fuel 
of  the  20th  century  will  serve  man  with 
sources  of  energy  hitherto  used  exclusively  by 
the  sun  and  the  stars. 

Finally,  remember  that  the  nuelear  “fires" 
of  atomic  energy  are  neither  new  nor  uncom- 
mon; they  have  supplied  the  light  and  heat 
of  the  stars  since  the  beginning  of  time.  Or- 
dinary fires  of  coal  and  oil,  on  the  other  hand, 
are  relatively  rare.  Coal  and  oil  are  formed 
from  living  matter— from  plants  and  animals; 
they  are  compounds  of  carbon.  And  perhaps 
the  only  place  in  the  universe  where  these 
"'compounds  occur  is  on  a comparatively  tiny 
planet  called  the  Earth. 

REMEMBER  

chemical,  physical,  and  biological  changes. 

A reactor  cannot  successfully  be  used  as  a 
source  of  heat  until  alloys  have  been  discovered 
that  do  not  absorb  neutrons. 

The  richest  uranium  deposits  are  found  in 
the  Belgian  Congo  (Africa),  northwest  Canada, 
and  Czechoslovakia. 


1.  Explain  what  happens  to  the  electron  in  a 
hydrogen  atom  during;  (a)  photosynthesis; 
[b)  combustion. 

2.  What  is  a tagged  atom?  How  is  it  formed? 

3.  Why  is  thick  concrete  shielding  necessary 
around  a uranium  pile? 

4.  Name  the  sources  from  which  the  United 
States  Government  gets  its  uranium. 

REVIEW  QU  ESTI 
A 

1.  Describe  briefly  the  observation  made  by 
Galileo  on  Jupiter  and  state  the  conclusion 
he  made  from  this  observation. 


TIONS 

B 

5.  State  a probable  explanation  of  the  source 
of  heat  in  the  sun. 

6.  Explain  how  radioactive  carbon  could  be 
used  in  the  study  of  photosynthesis. 

7.  Explain  some  of  the  problems  to  be  solved 
before  nuclear  power  can  be  used  in  air- 
planes. 

ONS  ON  UNIT  12 

2.  What  is  the  origin  of  the  name  of  the 
planet  Pluto? 

3.  Name  the  planet  that  is:  (a)  nearest  the 
sun;  (b)  farthest  from  the  sun;  (c)  nearest 
the  earth. 
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4.  What  are  the  distinctive  features  of  Mars 
and  Saturn  when  seen  through  a powerful 
telescope? 

5.  Explain  the  chief  differences  between  a 
comet  and  a meteor. 

6.  Express  one  light-year  in  light-minutes. 

7.  Express  the  distance  between  the  earth  and 
Pluto  in  light-years. 

8.  Name  and  describe  a constellation. 

9.  State  the  importance  of  Madame  Curie’s 
discover)^ 

10.  Name:  [a)  the  atom  with  two  fundamental 
particles;  [h)  the  nucleus  with  one  funda- 
mental particle. 

1 1 . What  is  the  essential  difference  between 
a chemical  reaction  and  a nuclear  reaction? 

B 

12.  Compare  the  ideas  of  Aristotle  and  Coper- 
nicus regarding  the  sun-earth  relationship. 

13.  {a)  What  are  sunspots? 

[h)  How  are  they  caused? 
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(c)  State  some  of  their  effects  on  the 
earth. 

14.  Explain  the  similarity  between  the  tidal 
theory  of  the  origin  of  the  planets  and  the 
formation  of  tides. 

15.  How  can  you  prove  that  the  earth  travels 
around  the  sun  at  a speed  of  about  18.5 
miles  per  second? 

16.  Explain  why  the  earth  moves  in  a curved 
path. 

17.  'The  moon  has  two  kinds  of  motion.”  Ex- 
plain what  this  statement  means. 

18.  What  causes:  (a)  a high  tide;  (b)  a low 
tide? 

19.  Write  what  you  know  of  the  Milky  Way. 

20.  Discuss  briefly  the  three  fundamental  parti- 
cles in  an  atom. 

21.  Draw  a diagram  of  an  atom  of  lithium  and 
explain  what  it  means. 

22.  Explain  what  happens  in  the  fission  of  a 
uranium  atom. 
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GENERAL  REVIEW  QUESTIONS 


A 

1.  Write  briefly  on  the  following  scientists: 

(a)  Newton;  {b)  Lavoisier;  (c)  Rutherford. 

2.  In  which  country  did  the  following  scien- 
tists live:  (a)  Edison;  (b)  Watt;  (c)  La- 
voisier? 

3.  Write  briefly  on  the  following  terms:  {a) 
molecule;  (b)  element;  (c)  planet;  (d) 
nucleus. 

4.  With  what  branches  of  science  do  you  asso- 
ciate the  following  names:  {a)  Newton; 

(b)  Faraday? 

5.  Give  the  significance  of  the  following  in- 
ventions: {a)  the  telescope;  (b)  the  carbon- 
filament  lamp;  (c)  the  steam  engine;  (d) 
the  thermometer;  (e)  the  internal-combus- 
tion engine;  (/)  the  atomic  bomb. 

6.  For  what  purposes  are  the  following  instru- 
ments used:  (a)  spectroscope;  (b)  tele- 
scope; (c)  barometer;  (d)  wet-  and-dry-bulb 
thermometer? 

7.  For  what  purposes  are  the  following  devices 
used:  (a)  carburetor;  (b)  spark  plug;  (c) 
armature;  (d)  generator;  (c)  fractionating 
tower? 

8.  Compare  and  contrast  the  following  terms: 
{a)  heat  and  temperature;  (b)  conduction 
and  convection;  (c)  power  and  work;  (d) 
slow  combustion  and  rapid  combustion; 
(e)  igneous  and  sedimentary;  (/)  star  and 
planet;  (g)  jet  and  rocket. 

B 

9.  Briefly  describe  an  experiment  in  which: 

(a)  light  is  broken  up  into  its  component 

colors; 


(b)  an  electric  current  is  produced  in  a 
coil  by  a magnet; 

(c)  oxygen  is  shown  to  be  essential  for 
combustion. 

10.  Describe  the  construction  of:  (a)  a barom- 
eter; (b)  a generator. 

1 1 . Describe  some  of  the  important  devices 
used  with  a modern  telescope. 

12.  Write  on  the  following:  (a)  galaxy;  (b) 
diatoms;  (c)  fossils. 

13.  Compare  the  use  of  coal  and  food  as  fuels 
in  engines. 

14.  Trace  the  steps  by  which  vegetation  is  con- 
verted into  coal. 

15.  (a)  Name  the  two  essential  parts  of  a solu- 

tion. 

(b)  How  could  you  show  that  sap  is  a 
solution? 

16.  Write  briefly  on  the  Appalachians,  includ- 
ing in  your  description  information  on  the 
age,  kind,  and  erosion  of  the  rocks. 

1 7.  How  do  you  account  for  the  heat  energy  of 
the  sun? 

18.  Compare  and  contrast  combustion  energy 
and  atomic  energy. 

19.  The  position  of  New  York  is,  roughly,  lat. 
40°  N.  and  long.  75°  W. 

{a)  Where  is  latitude  measured  from? 

(b)  What  does  “lat.  40°  N.”  mean? 

(c)  Calculate  the  distance  of  New  York 
from  the  equator,  given  the  circumfer- 
ence of  the  earth  as  25,000  miles. 

(d)  Where  is  longitude  measured  from? 

(e)  If  it  is  II  A.M.  in  New  York,  what  is 
the  time  in  London?  Explain  how  you 
arrive  at  your  answer. 


Glossary 


Absolute  zero.  The  lowest  possible  temperature, 
-273°  C.  or  -459°  F. 

Acoustics.  Sound-absorbing  and  sound-reflecting 
properties  of  an  auditorium. 

Afterdamp.  Gas  formed  after  an  explosion  in  a 
coal  mine. 

Air.  A mixture  of  gases,  mainly  nitrogen  and 
oxygen,  that  surrounds  the  earth. 

Air  mass.  A mass  of  cold  dry  air  from  the  polar 
regions  or  of  warm  moist  air  from  the  semi- 
tropics. 

Air  (atmospheric)  pressure.  The  pressure  of  the 
air  at  sea  level,  approximately  1 5 pounds  per 
square  inch. 

Alchemy.  The  medieval  science  that  assumed 
that  base  metals  could  be  converted  to  gold. 

Alloy.  A solid  mixture  of  metals,  such  as  steel. 

Alpha  rays.  Positively  charged  particles  given  off 
by  radioactive  substances. 

Alternating  current.  A current  that  flows  first  in 
one  direction  and  then  reverses  and  flows  in 
the  opposite  direction. 

Altimeter.  An  instrument  that  measures  the 
height  of  a plane  above  the  ground. 

Ammeter.  An  instrument  for  measuring  an  elec- 
tric current  in  a circuit. 

Ammonite.  Extinct  mollusk  of  the  Mesozoic  era 
whose  shell  resembled  a coiled  spring. 

Ampere.  The  unit  for  measuring  the  flow  of  an 
electric  current. 

Amphibians.  Animals  that  are  hatched  from  eggs 
in  water  and  develop  into  land  animals;  the 
first  animals  to  live  on  land. 

Amplitude  modulation  (AM).  Varying  of  the  in- 
tensity of  radio  waves  according  to  the  sound 
variations  to  be  broadcast. 

Anemometer.  An  instrument  that  measures  wind 
velocity. 

Anode.  TTie  positive  terminal  in  a vacuum  tube 
or  electric  cell. 

Anticyclone.  A large  whirlpool  of  air  at  high 
pressure  moving  clockwise. 

Archeozoic  era.  In  the  earth's  history,  the  pe- 
riod of  earliest  life. 

Armature.  Coils  of  insulated  wire  supported  on 
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a shaft  that  revolves  in  a magnetic  field,  used 
to  induce  an  electric  current. 

Astigmatism.  An  eye  defect  in  which  the  surface 
of  the  cornea  is  irregularly  curved,  causing  a 
blurred  image. 

Atmosphere.  The  air  surrounding  the  earth. 

Atmospheric  (air)  pressure.  The  pressure  of  the 
air  on  all  surfaces;  at  sea  level,  about  1 5 
pounds  to  the  square  inch. 

Atom.  The  smallest  particle  of  an  element  that 
can  take  part  in  a chemical  reaction. 

Atomic  weight.  The  relative  weight  of  an  atom 
compared  with  the  weight  of  the  oxygen  atom 
as  16  or  of  the  hydrogen  atom  as  1. 

Audiometer.  An  instrument  that  measures  hu- 
man hearing. 

Barometer.  An  instrument  that  measures  atmos- 
pheric pressure. 

Battery.  Two  or  more  electric  cells  connected  to 
form  a unit. 

Beaufort  Scale.  Scale  from  0 to  12  for  measuring 
wind  velocity. 

Bernoulli  effect.  The  decrease  in  the  pressure  of 
a rapidly  flowing  gas  or  liquid  as  it  passes 
through  a constriction. 

Bessemer  process.  A process  of  making  steel  in 
which  a blast  of  air  is  sent  through  molten 
iron  to  remove  the  impurities. 

Beta  rays.  Negatively  charged  particles  emitted 
by  radioactive  substances. 

Boiling.  The  process  of  changing  from  a liquid 
to  a gas  throughout  a liquid. 

Boiling  point.  The  temperature  at  which  vapori- 
zation takes  place  throughout  the  liquid;  the 
boiling  point  of  water  is  100°  C.  or  212°  F. 

British  Thermal  Unit  (B.T.U.).  The  amount  of 
heat  required  to  raise  the  temperature  of  one 
pound  of  water  one  degree  Fahrenheit. 

Calorie.  The  amount  of  heat  required  to  raise 
the  temperature  of  one  gram  of  water  one 
degree  centigrade. 

Candle  power.  The  measurement  of  illumina- 
tion in  terms  of  the  illumination  of  the  stand- 
ard candle. 

Capillary.  Hairlike. 
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Carbon  arc.  Light  produced  by  using  two  carbon 
rods  as  terminals  of  an  electric  circuit. 

Carbon  dioxide  cycle.  The  eirculation  of  earbon 
dioxide  from  air  to  plants,  animals,  and  back 
to  air. 

Carboniferous.  The  geologic  period  during 
which  the  vegetation  grew  that  formed  the 
coal  seams. 

Catalyst.  A substance  that  speeds  up  a reaction 
but  is  not  itself  affected  chemically. 

Cathode.  The  negative  pole  or  filament  in  a eell. 

Cathode  ray.  A stream  of  electrons. 

Cenozok  era.  In  the  earth’s  history,  the  period 
of  recent  life,  in  which  we  are  now  living;  it 
began  about  50,000,000  years  ago. 

Centigrade  thermometer.  The  thermometer  on 
which  the  freezing  point  of  water  at  sea  level  is 
0°  and  the  boiling  point  100°. 

Chemical  change.  A change  in  which  the  sub- 
stance formed  by  the  combination  of  two  or 
more  elements  has  no  visible  signs  of  the  ele- 
ments composing  it. 

Cirrus  cloud.  A high,  thin  cloud  consisting  of  ice 
crystals. 

Climate.  Average  weather  conditions  in  an  area 
over  a period  of  years. 

Clinical  thermometer.  The  thermometer  used  to 
determine  the  temperature  of  the  human 
body;  its  range  is  between  92°  and  108°. 

Color-blindness.  Inability  to  distinguish  certain 
colors,  such  as  red  from  green. 

Combustion.  Combination  of  a substance  with 
oxygen,  giving  off  light  and  heat. 

Comet.  A heavenly  body  having  a head  and  a 
long  tail  which  travels  around  the  sun. 

Components  of  a force.  The  forces  into  whieh  a 
single  force  can  be  resolved. 

Compound.  A substance  formed  when  atoms  of 
two  or  more  elements  are  linked  together 
chemieally. 

Conduction.  Transference  of  heat  from  molecule 
to  molecule  in  a substance. 

Conductor.  A substance  which  transfers  heat 
and  electricity  well. 

Conglomerate.  A rock  formed  from  eemented 
pebbles  and  gravel. 

Conservation.  Preserving  natural  resources,  sueh 
as  soil,  water,  forests,  etc. 

Constellation.  A group  of  stars  that  seem  to 
form  a figure  or  pattern. 

Contour  plowing.  A method  of  soil  conservation 
in  which  furrows  are  plowed  to  follow  the 
curvature  of  a hill  rather  than  up  and  down 
the  hill. 
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Convection.  The  transference  of  heat  by  means 
of  currents. 

Cracking  (of  petroleum).  The  process  of  break- 
ing up  kerosene  molecules  to  obtain  gasoline. 

Cumulus  clouds.  Large,  fluffy  clouds  that  de- 
velop into  thunderstorms. 

Cyclone.  A whirlpool  of  air  at  low  pressure  mov- 
ing counterelockwise. 

Decibel.  Unit  for  measuring  the  loudness  of 
sounds. 

Decomposition.  The  separation  of  a compound 
into  simpler  substances. 

Delta.  Sediment  carried  by  a river  and  deposited 
at  its  mouth  in  a form  resembling  a triangle. 

Destructive  distillation.  Decomposition  of  a 
complex  substance  by  heat  and  the  condensa- 
tion of  some  of  the  vapors. 

Dew.  Water  that  has  condensed  on  to  objects  on 
the  ground,  usually  at  night. 

Dewpoint.  The  temperature  to  which  the  atmos- 
phere must  be  cooled  to  produce  condensa- 
tion. 

Diatoms.  Microscopic  plants  which  are  the 
source  of  the  oil  in  deposits  on  the  sea  floor. 

Diesel  engine.  An  internal-combustion  engine 
that  burns  oil. 

Diffusion.  The  mixing  of  molecules  of  different 
substances  resulting  from  the  movement  of 
molecules. 

Dinosaur.  An  extinct  giant  reptile  of  the  Meso- 
zoic era. 

Diode.  A vacuum  tube  used  to  rectify  alternating 
current  to  direct  current. 

Direct  current.  A current  that  flows  always  in 
the  same  direction. 

DisJdllatioji.  Boiling  a liquid  and  condensing  the 
vapor  to  obtain  the  pure  liquid. 

Doldrums.  The  region  on  the  earth  between  10° 
N.  and  10°  S.  in  which  there  is  little  or  no 
wind. 

Dry  ice.  Solid  carbon  dioxide  having  a tempera- 
ture of  —80°  C. 

Dust-cloud  theory.  One  of  the  theories  that  ex- 
plain the  origin  of  the  solar  system. 

Dynamo.  A machine  that  converts  mechanical 
energy  into  electrical  energy. 

Eclipse.  The  shutting-off  of  the  light  of  the  sun 
from  the  earth  by  the  moon  or  from  the  moon 
by  the  earth. 

Edison  effect.  The  “boiling  out”  of  electrons 
from  a hot  filament. 

Efficiency.  In  a machine,  the  ratio  of  useful  work 
output  to  work  input. 

Effort.  In  a machine,  the  force  exerted  to  do 
work. 
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Electrical  circuit.  Yhe  path  of  an  electric  cur- 
rent from  one  terminal  of  a cell  or  generator 
through  an  electrical  apparatus  to  the  other 
terminal. 

Electric  generator.  A machine  that  converts 
mechanical  energy  into  electrical  energy. 

Electricity.  A form  of  energy  due  to  a flow  of 
electrons  between  positively  and  negatively 
charged  substances. 

Electromagnet.  An  iron  rod  magnetized  by  an 
electric  current  flowing  through  the  coil  of 
wires  wound  around  it. 

Electromotive  force.  The  force  that  causes  an 
electric  current  to  flow. 

Electron.  The  negatively  charged  particle  in  an 
atom. 

Electronics.  The  field  of  physical  science  in 
which  electrons  are  used  under  controlled 
conditions. 

Electroplating.  Depositing  a coating  of  one 
metal  on  another  by  electrical  means. 

Element.  A substance  whose  atoms  are  all  of  one 
kind;  it  cannot  be  decomposed  by  chemical 
treatment. 

Energy.  Capacity  for  doing  work. 

Engine.  Any  device  that  converts  the  energy  of 
fuel  into  meehanical  work. 

Erosion.  The  wearing-away  of  rock  surfaces  and 
removal  of  loosened  material. 

Evaporation.  The  escape  of  molecules  from  a 
liquid  into  the  space  above  the  liquid. 

Expansion.  Increase  in  size  (length,  area,  or 
volume) . 

Fahrenheit  thermometer.  The  thermometer  on 
which  the  freezing  point  of  water  at  sea  level 
is  32°  and  the  boiling  point  212°. 

Fault.  In  geology,  a fracture  on  the  earth  in 
which  layers  of  roek  slide  up  or  down  along 
the  break. 

Firedamp.  An  explosive  gas,  chiefly  methane, 
present  in  coal  mines. 

Fluorescence.  The  emission  of  white  light  by  a 
chemical,  such  as  zinc  sulfide,  absorbing  radia- 
tions from  mercury  vapor. 

Focal  length.  Distance  from  mirror,  or  center 
of  lens,  to  the  principal  focus. 

Fog.  Warm  moist  air  near  the  ground  eooled 
by  contact  with  a cold  land  or  water  surface; 
resembles  a eloud. 

Fold.  In  rocks,  a bending  due  to  pressure. 

Foot-candle.  The  unit  for  measuring  illumina- 
tion; the  illumination  of  a surfaee  one  foot 
from  one  standard  candle. 

Foot-pound.  A unit  for  measuring  work,  express- 
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ing  the  force  and  the  distance  through  which 
it  moves. 

Force.  A push  or  pull. 

Fossils.  Bones,  shells,  or  impressions  in  rocks  of 
animals  or  plants  that  lived  in  past  ages. 

FractionnI  Tfip  prnrrsc  of  gpparafjng 

a mixture-ofi  liquids  into  fractions  by  boiling 
amT-distilling  the  fractions. 

Frequency  modulation  (FM).  Varying  of  the  fre- 
quency of  radio  waves  according  to  the  sound 
variations  to  be  broadcast. 

Friction.  The  rubbing-together  of  two  sub- 
stances; the  resistance  of  the  substances  pro- 
duces heat  and  reduces  efficiency. 

Front.  Boundary  between  a eold-air  and  a warm- 
air  mass. 

Frost.  Moisture  that  condenses  on  the  ground 
below  the  freezing  point. 

Fulcrum.  In  a lever,  the  point  about  which  mo- 
tion occurs. 

Fuse.  An  alloy  with  a low  melting  point  used  in 
an  electric  circuit  to  break  the  circuit  when  an 
excessive  current  flows  through  it. 

Galaxy.  The  concentration  of  millions  of  stars, 
such  as  the  Milky  Way. 

Gamma  rays.  Rays  given  off  by  radioactive  sub- 
stances; they  have  no  electric  charge. 

Geiger  counter.  A device  for  detecting  radioac- 
tive substances. 

Generator.  A machine  that  converts  mechanical 
energy  into  electrical  energy. 

Geyser.  A spring  of  boiling  water  or  steam  from 
the  interior  of  the  earth. 

Glacier.  A slowly  moving  mass  of  ice  formed  on 
mountains  where  snowfall  exceeds  melting. 

Gravitation.  The  force  by  which  every  body  in 
the  universe  is  attracted  to  every  other  body. 

Hail.  Precipitation  in  the  form  of  small  pieces  of 
ice  formed  when  raindrops  are  frozen  at  high 
altitudes  during  a thunderstorm. 

Heat.  A form  of  energy. 

Heat  of  combustion.  The  number  of  B.T.U.  re- 
leased when  one  pound  of  a substance  is  com- 
pletely burned;  the  number  of  B.T.U.  released 
when  one  cubic  foot  of  a gas  is  burned. 

Heat  of  condensation.  Heat  given  off  when 
steam  condenses. 

Heat  of  vaporization.  The  heat  energy  required 
to  ehange  a specific  amount  of  liquid  to  vapor. 

High.  An  anticyclone;  a whirlpool  of  air  at  high 
pressure,  generally  bringing  fair  weather. 

Horse  power.  A unit  of  measurement  of  power; 
550  foot-pounds  of  work  per  second. 

Humidity.  Moisture  in  the  atmosphere. 

Hurricane.  An  atmospheric  disturbance  of  low 
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pressure  that  originates  over  water  near  the 
equator  and  is  accompanied  by  violent  winds. 

Hydrocarbon.  A compound  of  hydrogen  and  car- 
bon. 

Hydroelectric  power.  Electricity  obtained  when 
water  power  is  used  to  turn  the  rotors  in 
generators. 

Iceberg.  A huge  moving  mass  of  ice  that  sepa- 
rates from  a glacier  and  reaches  the  sea. 

Igneous  rock.  Rock  that  was  originally  matter 
molten  by  the  heat  of  the  earth’s  interior. 

Image.  The  picture  of  an  object  produced  when 
light  from  the  object  is  reflected  by  a smooth, 
shiny  surfaee  or  is  refracted  by  a lens. 

Incandescent.  White-hot. 

Incidence,  angle  of.  The  angle  between  the  in- 
cident ray  and  the  perpendicular  to  the  sur- 
face. 

Induced  current.  Production  of  an  electric  cur- 
rent by  moving  a conduetor  in  a magnetic 
field. 

Insulator.  A substanee  in  which  electrons  can- 
not move  freely;  hence,  a poor  conductor  of 
electricity  and  heat. 

Internal-combustion  engine.  An  engine  in 
which  pressure  to  do  work  is  obtained  by  the 
explosion  of  a mixture  of  fuel  and  air  inside 
a cylinder. 

Intrusion.  A horizontal  deposit  under  the  sur- 
face of  the  earth  formed  by  the  spreading  of 
molten  rock. 

Invertebrates.  Animals  without  backbones. 

Ionosphere.  Layer  of  air  high  above  the  earth, 
whieh  eonducts  electricity  and  transmits  radio 
waves  over  long  distances. 

Isobars.  Lines  on  a weather  map  connecting 
points  having  the  same  barometric  pressure. 

Kilowatt-hour.  Unit  for  measuring  electric  en- 
ergy; 1.34  horsepower-hour. 

Kindling  temperature.  The  temperature  to 
whieh  a substance  must  be  heated  before  it 
starts  to  burn. 

Latent  heat  of  vaporization.  The  heat  energy 
of  vapor,  equivalent  to  the  heat  energy  re- 
quired to  change  a given  quantity  of  liquid 
to  vapor. 

Latitude  and  longitude.  Latitude  is  the  num- 
ber of  degrees  north  or  south  of  the  equator; 
longitude,  the  number  of  degrees  east  or  west 
of  Greenwich,  England. 

Lava.  Molten  matter  from  a volcano. 

Levee.  Sediment  deposited  along  the  banks  of  a 
river. 

Light.  A form  of  radiant  energy. 

Light-year.  The  unit  of  measurement  for  the 
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distances  of  stars  from  the  earth;  the  distance 
that  light  travels  in  a year. 

Loran.  Long-range  navigation;  a means  of  deter- 
mining position  at  sea  or  in  the  air  from  sig- 
nals sent  by  a pair  of  radio  stations  working 
together. 

Low.  A cyelone;  a whirlpool  of  air  at  low  pres- 
sure, generally  bringing  stormy  weather. 

Machine.  Any  device  that  aids  man  in  doing 
work. 

Magnet.  An  iron  or  steel  object  that  attracts 
iron  or  steel. 

Magnitude.  In  astronomy,  the  apparent  bright- 
ness of  a star. 

Manometer.  An  instrument  that  measures  gas 
pressure. 

Mechanical  advantage.  The  ratio  of  the  resist- 
ance offered  by  a machine  to  the  effort  applied 
to  the  maehine. 

Mesozoic  era.  In  the  earth’s  history,  the  period 
of  middle  life. 

Metagalaxy.  The  known  universe,  eonsisting  of 
many  galaxies. 

Metamorphic  rock.  A roek  that  has  been 
changed  by  chemical  action  and  pressure. 

Meteor.  A piece  of  roek  or  dust  that  enters  the 
earth’s  atmosphere  at  great  speed  and  be- 
comes glowing  hot  because  of  the  resistance 
of  the  air. 

Meteorite.  A meteor  that  reaches  the  earth. 

Milky  Way.  A broad  band  in  the  sky  consisting 
of  a great  many  stars  comparatively  close  to- 
gether. 

Mixture.  A substance  formed  by  the  mixing  of 
two  or  more  ingredients. 

Molecule.  The  smallest  particle  of  an  element 
or  a compound  that  can  exist  by  itself. 

Monsoon.  A seasonal  prevailing  wind  that  blows 
from  one  direction  part  of  the  year  and  from 
the  opposite  direction  the  rest  of  the  year. 

Moraine.  Stones,  boulders,  clay,  and  other  mat- 
teUdeposited  by  melting  glacier^s. 

Motor.  A machine  that  converts  electrieal  energy 
into  mechanical  energy. 

Nebula.  A hazy  patch  in  the  sky  consisting  of  a 
mass  of  gas,  made  luminous  by  the  radiation 
of  nearby  stars. 

Nitrogen.  The  gas  that  makes  up  about  78  per- 
cent of  the  air. 

Neutron.  An  uncharged  particle  in  the  nucleus 
of  an  atom. 

Nuclear  energy.  Energy  obtained  by  splitting 
the  nucleus  of  an  atom;  atomic  energy. 

Nucleus  of  an  atom.  The  core  of  an  atom;  it 
has  a positive  charge. 
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Occluded  front.  A meteorological  situation  in 
which  a warm-air  mass  is  wedged  off  the 
ground  between  two  cold-air  masses. 

Octane  rating.  Designation  of  the  antiknock 
qualities  of  a gasoline. 

Ohm.  The  unit  used  to  measure  the  resistance 
in  an  electrical  circuit. 

Open-hearth  process.  The  most  common  proc- 
ess for  making  steel. 

Ore.  Material  that  is  mined  because  it  contains 
valuable  metal. 

Overtones.  The  tones  above  the  fundamental 
produced  when  a string  or  instrument  vibrates 
at  more  than  one  frequency. 

Oxidation.  A combination  with  oxygen. 

Oxide.  A compound  of  oxygen  and  another  ele- 
ment. 

Oxygen.  A chemically  active  element  essential 
to  the  reactions  of  burning;  it  makes  up  about 
21  per  cent  of  the  air. 

Paleozoic  era.  In  the  earth's  history,  the  period 
of  ancient  life. 

Phlogiston.  The  substance  which  in  the  Middle 
Ages  was  believed  to  cause  fire. 

Photosynthesis.  In  plants  the  manufacture  of 
sugars  and  starches  from  carbon  dioxide  and 
water  by  chlorophyll  in  the  presence  of  light. 

Pitch.  The  quality  of  a sound  due  to  the  num- 
ber of  vibrations  per  second. 

Planet.  One  of  the  nine  heavenly  bodies  that 
revolve  around  the  sun. 

Polaris.  The  North  Star,  which  is  almost  exactly 
over  the  North  Pole. 

Power.  The  rate  at  which  work  is  done;  that  is, 
the  ratio  of  work  to  time. 

Precipitation.  Rain,  snow,  hail,  etc.,  that  de- 
scend on  the  earth  from  the  atmosphere. 

Prevailing  westerlies.  The  winds  that  blow  from 
the  southwest  between  latitudes  30°  and  60° 
of  the  Northern  Hemisphere,  and  from  the 
northwest  in  the  same  latitudes  of  the  South- 
ern Hemisphere. 

Proterozoic  era.  In  the  earth’s  history,  the  pe- 
riod of  primitive  life. 

Proton.  A positively  charged  particle  in  the 
nucleus  of  an  atom. 

Radar.  Radio  direction  finding  and  ranging.  A 
device  that  locates  objects  through  dense  fog 
and  clouds  by  means  of  radio  waves  of  ex- 
tremely high  frequency. 

Radiant  energy.  Energy  that  travels  through 
space  in  straight  lines  in  all  directions  from 
its  source,  as,  for  example,  light  and  heat  from 
the  sun. 
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Radiation.  Transference  of  light,  heat,  and  en- 
ergy through  space. 

Radioactivity.  Ejection  of  rays  (alpha,  beta,  and 
gamma)  from  the  nuclei  of  radioactive  atoms. 

Radiometer.  An  instrument  that  indicates  the 
presence  of  radiant  heat. 

Radiosonde.  Apparatus  carried  by  a balloon  to 
the  stratosphere  to  measure  air  conditions. 

Radon.  The  gas  formed  in  radioactivity  which 
makes  the  surrounding  air  a conductor  of  elec- 
tricity. 

Reactor.  An  atomic  furnace  used  for  the  fission 
of  uranium. 

Reflection,  angle  of.  The  angle  between  the  re- 
flected ray  and  the  perpendicular  to  the  reflect- 
ing surface. 

Refraction.  The  bending  of  a ray  of  light  as  it 
passes  from  a substance  of  one  density  to  a 
substance  of  a different  density. 

Relative  humidity.  Ratio  of  the  actual  amount 
of  vapor  present  in  the  atmosphere  at  a given 
temperature  to  the  maximum  amount  of  vapor 
the  atmosphere  can  hold  at  that  temperature. 

Resistance.  In  a machine,  the  force  to  be  over- 
come. 

Respiration.  The  slow  burning,  or  oxidation,  of 
food  in  the  cells  of  an  animal  body. 

Satellite.  In  the  solar  system,  a small  body  re- 
volving around  a larger  one,  as  the  moon 
around  the  earth. 

Saturated  solution.  A solution  in  which  the  sol- 
vent has  dissolved  as  much  of  the  solute  as  it 
can  dissolve  at  a particular  temperature. 

Sedimentary  rock.  Rock  formed  from  the  sedi- 
ment carried  by  water  from  the  land  and  de- 
posited in  bodies  of  water. 

Seismograph.  An  instrument  that  records  earth- 
quakes. 

Short  circuit.  A circuit  formed  when  an  electric 
current  flows  through  a small  resistance  rather 
than  through  the  regular  circuit  of  larger  re- 
sistance. 

Solar  system.  The  sun  and  the  planets  and  their 
satellites  that  revolve  around  the  sun. 

Solution.  A mixture  in  which  one  substance  is 
dissolved  in  another.  The  liquid  is  the  solvent; 
the  dissolved  substance,  the  solute. 

Sonar.  Sound  and  ranging.  A device  for  detect- 
ing a submerged  object  by  means  of  the  re- 
flection of  sound  waves. 

Sound.  A form  of  energy;  vibrations  that  reach 
the  ear. 

Spectroscope.  An  instrument  that  separates  the 
colors  in  light. 
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Spectrum.  The  band  of  colors  formed  when 
light  passes  through  a prism. 

Spontaneous  combustion.  Burning  that  is  due  to 
ehemical  aetion  within  a substanee,  not  to  the 
application  of  heat  to  the  substanee. 

Stalactite  and  stalagmite.  Formations  of  eal- 
eium  carbonate  resembling  icicles  on  the  eeil- 
ing  and  floor  of  limestone  caves. 

Standard  time.  Uniform  time  established  by  law 
and  eustom  for  all  places  located  within  the 
same  time  zone.  Eaeh  zone  covers  15  degrees 
of  longitude,  and  the  time  varies  one  hour 
from  zone  to  zone. 

Star.  A heavenly  body  that  shines  because  of  its 
own  incandescence.  Because  of  its  very  great 
distanee  from  the  earth  it  appears  not  to  be 
moving. 

Static.  Electricity  produced  by  sparks. 

Stratosphere.  The  outer  layer  of  atmosphere 
about  40,000  feet  above  the  earth’s  surface  in 
which  there  is  no  weather. 

Strip  cropping.  Planting  alternate  rows  of  grain 
crops  and  other  crops.  The  fibrous  roots  of  the 
grain  prevent  water  from  running  off. 

Sunspots.  Cooler  places  on  the  surface  of  the  sun 
that  appear  as  dark  patches. 

Tachometer.  An  instrument  that  measures  the 
speed  of  an  airplane  engine. 

Talus.  Rock  debris  at  the  foot  of  a mountain. 

Temperature.  The  degree  of  hotness  of  a sub- 
stance as  measured  by  a thermometer. 

Tempering.  Gradually  cooling  a metal,  such  as 
steel,  to  produce  the  desired  qualities  of  hard- 
ness, strength,  and  flexibility. 

Terracing.  A method  of  soil  conservation  in 
which  a long  slope  is  broken  into  shorter 
slopes  to  prevent  soil  from  being  washed  away. 

Thermostat.  An  automatic  device  for  control- 
ling temperature,  based  on  the  different  rates 
of  expansion  of  two  metal  strips  joined  to- 
gether. 

Tidal  theory.  The  most  commonly  accepted  the- 
ory of  the  origin  of  the  solar  system. 

Tide.  The  regular  rise  and  fall  of  the  water  along 
the  shores  of  oceans  and  other  bodies  of  water 
due  to  the  attraction  of  the  moon  and  the 
sun. 

Till.  Clay,  sand,  etc.,  laid  down  by  glaciers. 

TNT.  Trinitrotoluene,  a high  explosive. 

Tornado.  A small  atmospheric  disturbance  of 
low  pressure,  starting  on  a very  hot  day  and 
accompanied  by  winds  of  high  velocity  that 
are  highly  destructive. 

Trade  winds.  Prevailing  winds  in  the  belts  10° 
— 25°  north  and  south  of  the  equator.  In  the 
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Northern  Hemisphere  they  blow  toward  the 
equator  from  the  northeast,  in  the  Southern 
Hemisphere  from  the  southeast. 

Transformer.  A device  that  changes  the  voltage 
of  an  alternating  current.  Step-up  transformer 
increases  voltage;  step-down  transformer  re- 
duces voltage. 

Transmutation.  Changing  one  substance  into 
another,  as  converting  a base  metal  into  gold. 

Trap.  In  the  earth,  an  obstruction  that  encloses 
oil. 

Trilobite.  An  extinct  Paleozoic  anima-l  whose 
body  was  divided  into  three  lobes. 

T riode.  A vacuum  tube  with  a grid  that  controls 
current  and  voltage;  it  is  used  in  amplifiers. 

Tropopause.  A thin  region  of  the  atmosphere 
between  the  troposphere  and  the  stratosphere. 

Troposphere.  The  thin  shell  of  air  surrounding 
the  earth  in  which  weather  changes  take  place. 

Turbine.  An  engine  that  is  set  in  rotation  by 
water  or  steam  pressure  or  by  the  combination 
of  steam  and  the  internal  combustion  of  fuel 
gases. 

Ultrasonics.  Sounds  with  frequencies  higher 
than  can  be  heard  by  the  human  ear. 

Unconformity.  Irregular  line  of  separation  be- 
tween newer  and  older  rock  strata. 

Vapor.  The  gaseous  state  of  a substance,  usually 
brought  about  by  boiling  or  evaporation  from 
the  solid  or  liquid  form  of  the  substance,  as 
steam  from  water. 

Van  de  Graaff  generator.  A machine  for  pro- 
ducing artificial  lightning  and  high  voltages 
for  X-ray  machines  and  atomic  research. 

Vertebrates.  Animals  with  backbones. 

Volcano.  An  opening  in  the  earth’s  surface 
through  which  red-hot  molten  rock  escapes. 

Volt.  Unit  used  to  measure  electromotive  force. 

Voltage.  Electric  force  that  causes  a current  to 
flow. 

Voltmeter.  An  instrument  for  measuring  drop 
in  voltage. 

Water  cycle.  Repeated  evaporation  and  conden- 
sation in  the  atmosphere. 

Watt.  Unit  of  measurement  of  electric  power. 

Weather.  Day-to-day  changes  in  meteorological 
conditions. 

Weathering.  The  wearing-away  of  rocks  by 
wind,  rain,  and  sun.  Mechanical  weathering  is 
due  to  pressure;  chemical  weathering,  to  car- 
bonic acid. 

Work.  The  product  of  a force  and  the  distance 
through  which  the  force  moves. 

X rays.  Shortest  waves  in  the  electromagnetic 
spectrum;  able  to  penetrate  opaque  materials. 
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Acetylene,  256-257 

Acids:  definition,  472;  binary  and  ternary,  478; 

ionization,  485;  strong  and  weak,  486 
Acti\  itv  list,  473 
Air,  32-40,  146,  147,  179 
Air  conditioning,  146-147 
Air  masses,  163-164,  182,  185-186 
Airplane,  12-13,  297-304 
Alchemists,  20,  199,  204 
Alpha  rays,  541 
Alternating  current,  344-345 
Aluminum,  19,  433,  452—456 
Ammeter,  330-331 
Ammonia,  27,  252,  496 
Ammonites,  111 
Ampere,  326,  327,  330 
Amphibians,  109,  114 
Amplifier,  417,  422-423 
Amplitude  modulation,  421,  423,  427 
Angle:  of  incidence,  372,  379;  of  reflection, 
372,  379 
Anode,  449,  451 
Anticyclone,  169,  170,  175 
Appalachian  Mountains,  85,  88,  102,  115 
Archeozoic  era,  107,  108,  115 
Archimedes’  Principle,  62-66 
Aristotle,  198,  514 
Armature,  342,  343 
Arrhenius,  485 
Asphalt,  233,  238 
Aspirin,  508 
Asteroids,  520,  523,  525 
Astronomy,  513-518 
Atmosphere,  40,  262 

Atmospheric  pressure,  33-35,  40,  153-154, 
178 

Atom,  19,  21-24;  splitting,  131,  543-546;  struc- 
ture, 22-23 

Atomic  bomb,  14,  517,  546,  547 
Atomic  energy,  14-15,  540 
Atomic  fission,  543-547 
Atomic  theory,  469 
Atomic  weight,  21,  24 
Audio  amplifier,  422 
Audio-frequency,  421 
Audiometer,  406 


Automobile,  10-11,  13;  circuit,  332-333;  power 
system,  290-291;  transmission,  290-293 

Bacteria,  95,  505-506 
Balloon,  64,  309 
Barometer,  34,  178-181 

Bases,  474;  ionization  of,  487;  properties  of, 
487;  strong  and  weak,  488 
Battery,  289 
Bauxite,  453-454 
Beaufort  Scale,  179 
Bell,  Alexander  Graham,  415 
Bell,  electric,  339,  340 
Bernoulli  effect,  298,  299,  304 
Bessemer  process,  440,  441,  445 
Beta  rays,  541 
Bimetal  strip,  135 
Binary  compounds,  477 
Blast  furnace,  436,  437 
Blast  lamp,  210,  211 
Blowtorch,  210,  211 
Boilers,  steam-engine,  281 
Boiling  point,  121,  153-154 
Bonds,  chemical,  476 
Bourdon  gage,  57 
Brake,  hydraulic,  59 

British  Thermal  Unit,  (B.T.U.),  126-127,  131, 
282 

Bronze,  114,  199,  450 
Buna  S,  498 

Bunsen  burner,  209-210 

Calcium,  50-51 
Calorie,  126,  131 
Calx,  200,  201-203 

Camera,  381-382,  388;  color  filter,  392,  393 
Candle,  364;  flame,  208-209;  luminosity,  212 
Candle  power,  368 
Canning,  506 
Carbohydrates,  260,  502 
Carbon  black,  255-256,  257 
Carbon  dioxide,  27,  94;  in  air,  260;  dry,  229; 
as  fire  extinguisher,  226-227,  229;  solubility 
effect,  260;  test,  212 
Carbon  dioxide  cycle,  259,  261,  262 
Carbon-filament  lamp,  365 
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Carbon  monoxide,  216,  222,  253,  257,  396 
Carbon  tetrachloride,  229-230 
Carbonates,  83,  260,  433 
Carboniferous  period,  244,  266 
Carbureted  water  gas,  253,  257 
Carburetor,  289,  291,  292 
Catalyst,  205,  206 
Cathode,  416,  449 

Cells,  electric,  326-327;  in  parallel,  333;  in 
series,  328 
Cellulose,  260,  492 
Cement,  461-465 

Cenozoic  era,  107,  1 10,  1 12-1 14,  1 1 5 

Centigrade  thermometer,  121,  124 

Chain  reaction,  545-547 

Chalk,  12,  50,  83,  84,  88,  260 

Charcoal,  200 

Chemical  Activity,  472 

Chemical  change,  205 

Chemical  energy,  549-550 

Chemical  symbol,  22 

Chemistry,  197-198 

Chinook,  188,  189,  192 

Chlorophyll,  260-261 

Chrome  steel,  444 

Cirrus  clouds,  168 

Climate,  73,  188-192 

Clouds,  167,  168,  181;  cirrus,  168,  175;  cumu- 
lonimbus, 173;  cumulus,  166,  173 
Coal,  5,  14,  15,  130,  243-250;  distillation,  247, 
250,  251-252;  energy  from,  243;  fields,  109; 
kinds,  245-246;  light  from,  364;  origin,  244; 
world’s  supply  and  distribution,  248-249,  250 
Coal  Age,  219 
Coal  dust,  247 

Coal  gas,  130,  247,  250,  251,  252,  257,  364 
Coal  tar,  248,  250  / 

Coke,  247,  248 
Color  filter,  392,  393 

Colors,  390-397;  absorbed,  392;  in  artificial 
light,  393;  heat  and,  394;  Newton’s  investiga- 
tion, 390-391;  pure,  391-392;  and  safety,  394; 
of  the  sky,  393,  397;  spectrum,  390-391; 
wave  lengths,  397 

Combination,  chemical,  205,  211,  482 
Combustion,  211,  261;  heat  from,  130-131; 
incomplete,  209;  Lavoisier’s  theory,  202-204; 
spontaneous,  215,  222,  249,  250 
Comets,  520,  526-530 
Commutator,  split-ring,  346-351 
Compass,  336;  airplane,  304 
Compound,  19,  20,  24 

Compression,  137-138,  289,  296;  sound  waves, 
404 

Concrete,  462,  463-465 
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Condensers:  radio,  421-422;  steam,  282-283, 
286 

Conduction:  of  electricity,  321,  325,  488;  of 
heat,  140-141,  147 
Conglomerate,  82,  83 
Conservation:  soil,  95-98;  water,  48 
Constellations,  533-535,  537 
Contraction,  135,  136,  138 
Convection,  140,  141-142,  145,  147;  in  a gas, 
142 

Cooking,  505 
Cooling,  138,  152,  155 
Copernicus,  72,  514-515,  518 
Copper,  124,  141,  199,  433,  446-450;  calx, 
201;  electroplating,  449-450 
Corals,  84,  110 

Cracking  of  kerosene,  238-239,  499 
Current,  electric,  32^333,  344-346 
Cyclone,  169-170,  175 

Dalton,  John,  469-471 

Davy,  Sir  Humphry,  294;  carbon  arc  invented  by, 
365;  safety  lamp,  214,  243 
Decibels,  406 

Decomposition,  205,  211,  482 
Destructive  distillation,  247 
Dew,  175 

Dewpoint,  180,  186 
Diatom,  50,  51,  235 
Diesel  engine,  293-296,  348-351 
Diet,  balanced,  501 
Diffusion,  29,  30 
Diode,  415 

Direct  current,  345-346 

Distillation:  destructive,  247,  250;  fractional, 
237;  in  nature,  49-50;  of  water,  47 
Doldrums,  163 

Dry  ice,  123,  154;  in  weather  control,  191 
Dust-cloud  theory,  519-520 
Dust  explosions,  214 
Dust  storm,  89,  96 
Dynamite,  220-221,  222,  497 
Dynamo.  See  Generator 

Dyes:  coal-tar,  248;  colors  reflected  by,  392-393 
Ear,  406,  407,  410,  440 

Earth,  71-77;  changes,  89-99;  crust,  79;  for- 
mation, 519;  geological  eras,  107-115;  interior, 
79-80;  a magnet,  337;  motions,  71-77,  524; 
revolution,  72,  521;  structure,  79-88,  100- 
106 

Eclipses,  528-529 

Edison,  Thomas,  251,  363,  369,  410,  415,  416 
Efficiency,  278 
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Electric:  arc,  365;  batteries,  328-329,  333;  buz- 
zer, 339-340;  charge,  24,  319,  325;  circuits, 
327,  332;  furnace,  354—355;  generator,  323, 
342-347,  351;  iron,  353;  locomotives,  13, 
348-351;  meter,  330;  motor,  347-351;  switch, 
332;  wires,  353 

Electricity,  13,  1 5,  23,  319-325;  by  chemical 
action,  327;  by  friction,  22-23,  319,  320- 
321;  law  of  charges,  320,  325;  in  nature,  321, 
322,  323;  safety  measures,  355;  units  of 
measurement,  329,  333,  351 
Electrochemistry,  416,  448,  449,  488-489 
Electrode,  416,  449,  488 
Electrolyte,  485 
Electrolysis,  448,  488 
Electromagnet,  338-339,  340 
Electromagnetic  induction,  335,  342 
Electromagnetic  spectrum,  396,  397 
Electromagnetic  waves,  419,  427 
Electromotive  force,  327 
Electrons,  23,  24,  320,  325,  415-416,  423-424, 
483-484 

Electroplating,  449-450,  451 
Elements,  19,  20,  24;  ancient  theories,  198; 
radioacth  e,  509 

Energ)',  262;  atomic,  14,  15,  539-548;  chemical, 
505;  from  coal,  243;  electrical,  347;  in  ex- 
plosives, 221;  kinds  of,  312;  mechanical,  347; 
nuclear,  131,  549-552;  solar  and  stellar,  549 
Engine,  282,  286,  288,  296;  airplane,  293;  auto- 
mobile, 288,  332;  Diesel,  288,  293-296; 
gasoline,  288,  289,  296;  internal-combustion, 
218,  288-296;  jet,  309-310,  312;  locomotive, 
348;  steam,  154,  280-286;  Watt's,  288 
Equations,  480-481;  ionic,  486 
Equinox,  197 
Erosion,  89-98 
Ethylene,  499 

Evaporation,  29,  30,  149-150,  152;  rate  of,  150, 
155;  of  solid,  154-155 
Expansion,  133-138 

Explosion,  213,  219;  coal-gas,  217-218;  dust, 
214;  dynamite,  235;  energy  in,  221;  gas,  216, 
217;  oxyhydrogen,  216 
Explosives,  219-221,  222,  496-497 
Eye,  382-384;  defects,  378,  384-385,  390 

Eahrenheit  thermometer,  121,  124 
Faraday,  Michael,  335,  342,  351 
Fats,  502 

Fault,  102,  105,  235 
Fertilizer,  26,  495-496 

Filament,  353;  carbon,  365;  tungsten,  355,  357, 
365-366 
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Fire,  3,  7,  197,  213;  cause,  197;  control,  223, 
231;  extinguishing,  225-226;  forest,  230,  231; 
losses  due  to,  230-231 
Fire  extinguishers,  227-230,  231 
Firedamp,  214,  216 
Fishes,  109,  114,  115 
Fission,  nuclear,  543-547 
Fixation,  of  nitrogen,  496 
Fluorescent  lighting,  367-368,  369 
Foamite,  228-229,  231 
Focal  length,  374 
Fog,  173,  174-175 
Folds,  101,  102 
Food,  501-502 
Foot-candle,  367,  368 
Foot-pound,  270 

Force,  270;  components  of,  300;  lines  of,  336 

Force  pump,  60 

Formulas,  476-479 

Fossils,  105,  115 

Four-stroke  cycle,  289,  293,  296 

Fractional  distillation,  237 

Franklin,  Benjamin,  321,  322 

Freezing  point,  121 

Frequency  modulation,  421,  422,  427 

Friction,  131,  278,  319 

Fronts,  166-169,  175,  182,  184 

Frost,  175,  191 

Fuel.  See  under  Coal;  Gas;  Oil 
Fuel  gases,  251-255 
Fuse,  355,  357 

Galaxy,  533,  536-537 
Galileo,  119,  120,  515,  518 
Gamma  rays,  396,  541 
Gas  burner,  209 

Gases,  19,  27-28;  compression,  138;  diffusion, 
29;  dry,  253;  expansion,  136-137;  fuel,  251- 
255;  molecules,  29,  30;  pressure,  30,  138; 
solubility,  27-28;  wet,  253 
Gasoline,  130,  218,  238,  241;  casinghead,  253; 
control,  291;  from  kerosene,  238-239;  octane 
rating,  240;  synthetic,  240,  254-255 
Gears,  277-278 
Geological  eras,  107-114 
Geologists,  71,  234,  235 
Geyser,  80 
Glaciers,  93-94 
Glass,  458-461,  465 
Globigerina,  84 
Glycerine,  495-496 
Grand  Canyon,  92 
Granite,  81,  82,  89 
Graphite,  245,  503 
Gravitation,  Law  of,  519,  524 
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Greenwich  Royal  Observatory,  75 
Gulf  Stream,  143 
Gunpowder,  219,  222 


Half-life  period,  541 
Hail,  173-174 

Hall,  Gharles  Martin,  453,  457 
Halley  s comet,  520,  526-527 
Harmonic,  410 
Hearing  range,  406 

Heat,  126-131,  211;  absorption,  144;  from 
atoms,  131;  colors  due  to,  394;  of  combustion, 
130-131,  505;  of  compression,  137,  138;  of 
condensation,  151,  152;  conduction,  140; 
conductor,  147;  convection,  141;  from  elec- 
tricity, 131,  353-355,  356;  from  friction, 
131;  latent,  151,  155;  measurement  units, 
126-127;  radiant,  144;  solar,  127-129,  131; 
steam,  151;  transfer,  140,  147;  of  vaporiza- 
tion, 151;  waves,  144,  147;  work  from,  282 
Heaters:  electric,  354;  gas,  210 
Heating,  143,  144 
Helium,  296,  540,  543,  547 
Hematite,  433 
Hero  of  Alexandria,  283-284 
Hertz,  Heinrich,  419 
Himalayas,  189-190 
Hoover  Dam,  55,  56,  464-465 
Horse  latitudes,  163 
Horsepower,  270 
Humidity,  146-147,  179-180 
Hurricane,  170,  171-172 
Hydraulic  brakes,  59 
Hydrocarbon,  208,  211,  218 
Hydroelectric  power,  344 
Hydrogen,  207,  211,  292;  atom,  23,  539-540, 
542-543,  549;  burning,  207;  flame,  207-208; 
ions,  486;  preparation,  207,  211 
Hypothesis,  200 


Ice  Age,  112,  115 
Igneous  rock,  82,  433 
Ignition  coil,  332 
Illumination,  367-369 
Images,  373-379 
Incandescence,  353 

Incandescent  lamp,  355-356,  365-366 
Inclined  plane,  271-272 
Indicator,  488 
Induction  coil,  342 
Infrared  light,  396,  397 
Insulator,  141,  321,  325 
International  date  line,  76-77,  78 
Intrusions,  81 


Invertebrates,  108,  114 

Ionosphere,  423,  427 

Ions,  483-484 

Iron,  19,  199,  433-439,  450 

Iron  Age,  114 

Isobars,  180,  186 

Jupiter,  515,  520,  523 

Kerosene,  238,  239,  241 
Kilowatt,  349,  350,  351 
Kilowatt-hour,  350,  351 
Kindling  temperature,  213 
Krypton,  544,  545 

Lamp,  353,  363-369 
Langmuir,  Irving,  365 
Larynx,  410 
Latitude,  74,  78 
Lattice,  484 
Lava,  81,  88 

Lavoisier,  Antoine,  197,  201,  202-204 
Law  of  Gonservation  of  Mass,  469 
Law  of  Gonstant  Proportions,  471 
Lead  in  radioactivity,  71,  541-542,  547 
Length,  units  of,  36-37 
Lenses,  377-379 
Lever,  269,  273 

Light,  371-380;  artificial,  363-370;  diffuse, 
372;  effects,  371;  electric,  355-356,  364- 
366;  from  fire,  364,  fluorescent,  367-368;  from 
gases,  366-368;  incandescent,  355-356,  365- 
366;  infrared,  396,  397;  invisible,  396;  proper, 
368,  369;  red,  394,  397;  reflection,  372;  re- 
fraction, 375-377;  speed,  379;  ultra-violet, 
396;  violet,  394,  397;  wave  length,  394,  397 
Light-meter,  367 
Light-year,  532 
Lighting  systems,  356 
Lightning,  321-323 
Lignite,  245,  249 
Limestone,  83,  88,  94 
Lines  of  force,  336 

Liquids,  29;  evaporation,  150,  155;  expansion, 
136;  flow,  59;  pressure,  57 
Locomotive:  electric,  348-349,  350-351;  wheel, 
135 

Lodestone,  335 
Longitude,  74-75,  78 
Loran,  425 
Lubrication,  293 

Machines,  269-279 
Magnesium,  215,  433,  456-457 
Magnet,  335-340 
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Magnetic  field,  336-338,  340,  342 
Magnetic  lines  of  force,  336 
Magnetism,  335-341 
Magnifying  glass,  378 
Mammals,  Age  of,  112,  115 
Mammoths,  113,  114 
Manganese  steel,  443 
Manometer,  56,  65 
Marble,  85,  86 

Marconi,  Guglielmo,  419-420 
“Mare’s  tails,”  168 
Mars,  520,  522-523 
Matches,  211,  212 
Measurement,  units  of,  35-37 
Mechanical  advantage,  59,  65,  272 
Mercury,  19,  367,  520,  521 
Mercury-vapor  lamp,  366,  367 
Meridian  of  longitude,  75,  77 
Mesozoic  era,  107,  110-112,  115 
Metals,  140-141,  433 
Meteorite,  527 
Meteors,  32,  527 
Metric  units,  36-37,  40 
Mica,  81 
Milk,  505 

Milky  Way,  532,  533,  537 
Millibar,  180,  186 
Minerals,  433,  502 
Mirrors,  373-375 
Mississippi  River,  91-92 
Molasses,  492 

Molecules,  19,  20,  24,  25-30,  36 
Monsoons,  189,  192 
Moon,  527-530 
Moraines,  93 

Morse,  Samuel,  413,  417,  420 
Morse  code,  420 
Motion,  Law  of,  523,  534 
Mountains,  89;  cause  of  rain,  188 

Natural  gas,  249,  253-254,  255,  257,  499 

Nebulae,  533,  535-537 

Neptune,  520,  523,  524 

Neutralization,  487,  488 

Neutrons,  543,  545 

Newcomen,  280,  283 

Newton,  Sir  Isaac,  309,  385,  390-391,  515,  516, 
518,  519,  523,  524 
Nichrome,  353,  356 
Nitric  acid,  496 
Nitrogen,  38-39,  40,  496 
Nitroglycerine,  220,  221 
Nobel,  Alfred,  220-221 
Nonmetals,  19,  141 
North  Star,  534,  535 


Nuclear  energy,  549-551 
Nuclear  fission,  543-547 

Octane  rating,  240 
Ohm,  Georg  Simon,  329,  330,  333 
Oil,  13,  15,  233-241 
Old  Faithful  Geyser,  79 
Open-hearth  furnace,  441 
Optical  instruments,  380-389 
Orbits,  planetary,  520,  525 
Orion,  528,  534,  536 
Overtones,  410,  412 
Oxidation,  205,  21 1 
Oxide,  206,  211,433 
Oxyacetylene  flame,  256-257 
Oxygen,  19,  38,  40,  205-207;  atom,  23;  liquid, 
19;  preparation,  206,  211 

Paleozoic  era,  107,  108-110,  115,  244 
Palomar,  Mount,  Observatory,  374,  375,  386- 
387,  388;  mirror,  461 
Paper,  492-494 
Parallels  of  latitude,  74,  77 
Pasteurization,  506 
Peat,  245,  249 
Penumbra,  528,  529 
Petroleum,  233;  cracking,  238-242 
Phlogiston  theory,  200-202,  204 
Phonograph,  410-411 
Photography  381-382,  516 
Photosynthesis,  260-261,  262,  513,  549,  550 
Pig  iron,  437 

Piston,  280,  290;  rings,  292 
Pitch,  of  sound,  406,  407 
Pitchblende,  540 
Planets,  520-523,  525,  549 
Plastics,  498 
Pluto,  520,  523,  524 
Plutonium,  547 
Polaris  (polestar),  534,  535 
Potash,  219 

Potassium  chlorate,  205,  206 
Power,  4,  270,  289;  electrie,  342,  348,  350,  351, 
429;  hydroelectric,  344;  system,  290;  trans- 
mission,  278,  283;  water,  4,  7,  61-62;  wind, 
4,7 

Precipitation,  177-178,  192 
Preservatives,  507 

Pressure:  atmospheric,  33-35,  40,  178-179; 
effect  on  boiling  point,  153;  gas,  30,  138; 
water,  54-65 
Prism,  390,  391 
Products,  480 
Proteins,  502 

Proterozoic  era,  107,  108,  115 


566 


INDEX 


Proton,  320,  325 
Ptolemy,  514,  534 
Pulleys,  274-276 
Pumiee,  81 

Pumps:  centrifugal,  61;  force,  60,  65;  lift,  60, 
65;  steam,  280,  281 

Radar,  424,  426 

Radiation,  140,  144-145,  147,  540 

Radicals,  478,  479 

Radio,  419-427 

Radioactive  elements,  550 

Radioactivity,  71,  540-542 

Radiometer,  144,  145 

Radiosonde,  185 

Radium,  540-542 

Radon,  541,  542 

Rain,  188-189 

Rain  making,  192 

Rainbow,  391 

Reactants,  480 

Reactor,  uranium,  550,  552 

Reflection,  angle  of,  372,  379 

Reflectors,  373,  374 

Refraction,  375-377 

Refrigeration,  152-153,  506 

Replacement,  482 

Reptiles,  Age  of,  110,  114,  115 

Resistance,  329,  330,  333,  353 

Resonance,  409 

Resonant  column,  409 

Respiration,  259,  262 

Rheostat,  329-330 

Rocket,  307,  310-312 

Rocks,  79-88,  100-106 

Rocky  Mountains,  88,  112 

Rubber,  497 

Rutherford,  Lord,  540-541,  542 

Safety,  color  and,  394 
Safety  glass,  458,  460 
Salt,  common,  20,  51 
Salts,  472 
Sandstone,  82 
Satellite,  525 
Saturation,  30,  146,  179 
Saturn,  520,  523 
Scientific  law,  470 
Scientific  method,  197,  470 
Screw,  272-273 
Seas,  49-52;  erosion  by,  95 
Seasons,  72-74 

Sedimentary  rocks,  82-84,  101,  105 
Seismograph,  235 
Self-treatment,  508 


Sewage  disposal,  47 

Shale,  86 

Short  circuit,  355 

Silver,  14,  141,  199,  450 

Slag,  436 

Slate,  86 

Sleet,  164 

Slip  ring,  342 

Smokeless  powder,  220,  221 
Smudge  pot,  190-191,  192 
Soap,  494-49  5 

Soda-acid  fire  extinguisher,  227,  228,  231 
Soil,  95-98 

Solar  heating,  128-130 
Solar  system,  520,  523-524 
Solids,  25,  29,  30;  contraction,  136,  138;  evapo- 
ration, 154-155;  expansion,  133,  135 
Solubility,  30 
Solubility  effect,  260 
Solutions,  25-29 
Sonar,  425 
Sound,  403-412 
Sound  conditioning,  403,  407 
Spark  plug,  289 

Spectroscope,  394-395,  397,  516,  518 

Spectrum,  390-391,  395-397 

Spontaneous  combustion,  215,  249 

Stalactites,  94-95 

Stalagmites,  94-95 

Stars,  531-537,  539 

Steam,  151,  280;  condensers,  282,  283 

Steam  heating,  151 

Steel,  14,  440-445 

Stone  Age,  114 

Storage  battery,  328,  329 

Strata,  rock,  100-101 

Stratosphere,  175 

Streams,  91-92 

Strip  mining,  245,  246 

Structural  materials,  454-457 

Sugar,  cane  and  beet,  491-492 

Sulfite  process,  499 

Sun,  513-518,  539;  source  of  energy,  262,  539- 
540;  source  of  heat,  127-130;  source  of  light, 
517-518»,  structure,  516-518;  temperature, 
516-517,  539,  549 
Sunset,  colors  of,  393-394 
Sunspots,  517 
Symbols,  476 
Synthesis,  nuclear,  547 
Synthetics,  497 

Tachometer,  304 
Tagged  atoms,  550 
Tar,  238,  247,  248,  250 
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Telegraph,  413-414,  415 
Telephone,  414-415 

Telescope,  385-388,  518;  astronomical,  385- 
387,  516;  reflecting,  375,  385-386,  388,  516; 
refracting,  385,  388;  terrestrial,  385,  388 
Television,  423-424 

Temperature,  119,  126,  181;  extremes,  123- 
124;  kindling,  213,222 
'I’ernary  acids,  478 
Terracing,  97 

Theory,  470;  of  ionization,  485 
Thermometer,  119-124;  with  bimetal  strips, 
135,  136;  wet-  and  dry-bulb,  180,  182 
Thermoplastic,  498 
Thermostat,  135 
Thunderstorms,  172-173,  175 
Tidal  theory,  519,  524 
Tides,  529-530 
Till,  glacial,  82-83 
Time  belts,  75-78 
TNT,  220,  221,496,  497 
'boaster,  353 
Topsoil,  96,  98 
Tornado,  171,  172 
Trade  winds,  163,  164 
Transformer,  345,  346 
Transmutation,  198,  199,  204 
Trilobite,  105,  108-109 
Trinitrotoluene,  220,  221,  497 
Troposphere,  175 
Tungsten,  355-356,  357,  365-366 
Tuning  fork,  404 

Turbine:  gas,  308,  312;  steam,  283-286,  343; 

locomotive,  308;  water,  62 
Turbo-jet  engine,  310 

Ultrasonics,  406 
Ultraviolet  light,  396,  397 
Umbra,  528,  529 
Unconformity,  104-105 
Universe,  513-537 

Uranium,  71,  540,  545;  deposits,  551-552; 

fission,  544-547;  reactor,  546-547 
Uranus,  520,  523 

Vacuum  pans,  492 

Vacuum  tubes,  415-417 

Valence,  476-478;  of  ions,  484 

Van  de  Graaff  generator,  323-324,  544 

Vapor  lamp,  366-367 

Variable  condenser,  422 

Vaseline,  238,  241 

Venus,  520,  521 


Vertebrates,  109,  114,  115 
Vision,  383 
Vitamins,  503-505 
Voice,  410 
Volcanoes,  80-81 
Voltage,  327,  333 
Voltmeter,  331 
Vulcanization,  498 

Water,  42-53;  aeration,  46,  52;  buoyant  force, 
63;  chlorination,  46,  47;  composition,  48; 
conservation,  48;  decomposition,  48,  52;  dis- 
tillation, 47,  52;  drinking,  44,  52;  erosion  by, 
91-93;  evaporation,  149,  155;  filtration,  46; 
hard,  43,  52;  incompressibility,  55;  industrial 
uses,  43;  lime-soda  treatment,  46,  47,  52; 
natural,  50-52;  pollution,  47,  52;  power,  4, 
61-62;  pressure,  54-65;  pump,  60-61,  293; 
purification,  45-47;  rain,  50;  sea,  50-52;  sedi- 
mentation, 46;  soft,  43;  surface,  50 
Water  cycle,  149-150 
Water  gas,  130,  252-253,  257 
Water  power,  4,  61-62 
Water  turbine,  62 
Water  wheel,  62 
Waterspout,  172 

Watt,  James,  5,  7,  243,  281;  steam  engine,  5, 
243,  288 
Watt,  349,  351 
Wax,  paraffin,  238,  241 

Weather,  161-193;  controlling,  190-192;  ero- 
sion due  to,  89;  forecasting,  177-186;  instru- 
ments, 177-178;  map,  180-181,  183,  186; 
reports  by  radio,  426-427 
Weathering,  94-97,  HI 
Wedge,  273 
Weight,  units  of,  37 
Welding,  electric,  354 
Wheel  and  axle,  276-277 
Winds,  162-163;  direction,  178;  erosion  caused 
by,  89-90;  factors,  162;  instruments,  181; 
prevailing,  162-163,  164;  trade,  163,  164; 
velocity,  178-179 
Wire  recording,  411 
Wood,  130;  pulp,  492,  494 
Work,  269-270,  278;  from  heat,  282,  286 
Wright,  Orville  and  Wilbur,  12-13,  15,  297- 
298,  304 

X-ray,  396,  541,  547 
Zinc,  450-451 


